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PREFACE. 



In the present volume, while describing the various opera- 
tions involved in the manufacture of paper, the Author 
has endeavoured to render the work serviceable as a book 
of reference in respect to the processes and improvements 
which have from time to time been introduced, and many; 
of which have been more or less practically applied either 
at home or abroad. 

The recovery of soda from waste liquors has been fully 
dealt with, and the details of several applied processes 
explained. 

Special attention has also been directed to some of the 
more important methods of producing pulp from wood 
fibre, since it is highly probable that from this inexhaus- 
tible source the paper-maker will ultimately derive much 
of the cellulose used in his manufacture. Indeed it may 
be deemed equally probable, when the processes for dis- 
integrating wood fibre, so largely applied in America 
and on the Continent, become better understood in this 
coimtry, that their adoption here will become more ex- 
tensive than has hitherto been the case. 
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To render the work more readily understood alike by 
the . practical operator and the student, care has been 
taken to avoid, as far as possible, the introduction of 
unexplained technicalities ; at the same time it has been 
the writer's aim to furnish the reader with a variety of 
information which, it is hoped, will prove both useful and 
instructive. 

It is with much pleasure that the Author tenders his 
sincere thanks to Mr. Sydney Spalding, of the Horton 
Kirby Mills, South Darenth, for his kind courtesy in 
conducting him through the various departments of the 
mill, and for explaining to him the operations performed 
therein. To Mr. Frank Lloyd he also acknowledges his 
indebtedness for the generous readiness with which he 
accompanied him over the Dailif Chronicle Mill at Sitting- 
bourno, and for the pains he took to supply information 
as to certain details at the Author's request. His best 
thanks are also due to those manufacturers of paper- 
making machinery who supplied him with many of the 
blocks which illustrate the pages of the hook. 

BiLiUK, SviiiiEi, January, iS9D. 
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CHAPTER I. 

CJELLUL08E, 

'Cellulose. — Action of Acids on Cellulose. — Physical Characteristics of 
Cellulose. — Microg^phic Examination of Vegetable Fibres. — Deter- 
mination of Cellulose. — Recognition of Vegetable Fibres by the 
Microscope. 

Cellulose. — ^Vegetable fibre, when deprived of all incrust- 
ing or cementing matters of a resinous or -gummy nature, 
presents to us the true fibre, or cellulose, which constitutes 
the essential basis of all manufactured paper. Fine linen 
and cotton are almost pure cellulose, from the fact that 
the associated vegetable substances have been removed by 
the treatment the fibres were subjected to in the process 
of their manufacture ; pure white, unsized, and unloaded 
.paper may also be considered as pure cellulose from the 
same cause. Viewed as a chemical substance, cellulose is 
white, translucent, and somewhat heavier than water. It 
is tasteless, inodorous, absolutely innutritions, and is in- 
soluble in water, alcohol, and oils. Dilute acids and 
alkalies, even when hot, scarcely affect it. By prolonged 
boiling in dilute acids, however, cellulose undergoes a 
■gradual change, being converted into hydro-cellulose. It 
is also affected by boiling water alone, especially under 
high pressure, if boiled for a lengthened period. Without 
gomg deeply into the chemical properties of cellulose, 
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CELLULOSE. 

wLioh would be more interesting to the chemist than to 
the paper manufacturer, a few data respecting the action 
of certain chemical substances upon cellulose will, it is 
hoped, be found useful from a practical point of view, 
espeeially at the present day, when so many new methods 
of treating Yegetable fibres are being introduced. 

Action of Acids on Cellulose, — Wlien concentrated 
sulphuric acid is added very gradually to about half its 
weight of linen rags cut into smaE shreds, or strips of un- 
sized paper, and contained in a glass vessel, with constant 
stirring, the fibres gradually swell up and disappear, with- 
out the evolution of any gas, and a tenacious mucilage is 
formed which is entirely soluble in water. If, after a few 
hours, the mixture be diluted with water, the acid neu- 
tralised with chalk, and after filtration, any excess of lime 
thrown down by cautiously adding a solution of oxalic 
acid, the liquid yields, after a second filtration and the 
addition of alcohol in considerable excess, a gummy mass 
which possesses all the characters of dextrin. If instead 
of at once saturating the diluted acid with chalk, we boil 
it for four or five hours, the dextrin is entirely converted 
into grape sugar [glucose), which, fey the addition of chalk 
and filtration, as before, and evaporation at a gentle heat 
to the consistence of a syrup, will, after repose for a few 
days, furnish a concrete mass of crystallised sugar. Cotton, 
linen, or unsized paper, thus treated, yield fully their own 
weight of gum and one-sixth of their weight of grape 
sugar. Pure cellulose is readily attacked by, and soon 
becomes dissolved in, a solution of oxide of copper in 
ammonia {cupramvioninm), and may again be precipitated 
in colourless flakes by the addition of an excess of hydro- 
chloric acid, and afterwards filtering and washing the 
precipitate. Concentrated boiling hydrochloric acid con- 
verts cellulose into a fine powder, without, however, alter- 
ing ita composition, while strong nitric acid fomiB nitro- 
substitution products of various degrees, according to the 
strength of the acid employed. "Chlorine gas passed 
into water in which cellulose is suspended rapidly oxidises 



^^■^ PHYSICAL CHARACTERISTICS OF CELLULOSE. ^^^ 

and destroys it, and the same effect taies place wlieu 
hypochlorites, such as hypochlorite of calcium, or bleach- 
ing liquora, are gently treated with it. It ia not, there- 
fore, the cellulose itself which we want the bleaching 
liquor \a operate upon, but only the colouring matters 
aaaociated with it, and care must be taken fo secure that 
the action intended for the extraneous substances alone 
does not extend to the fibre itself. Caustic potash affectH 
but slightly cellulose in the form in which we have to do 
it, but in certain less compact conditions these agents 
decompose or destroy it." — AniotJ' 

FliTsioal Char act eriaticB of CellnloBS. — " The physical 
condition of cellulose," says Mr. Amot, " after it has been 
freed from extraneous matters by boiling, bleaching, and 
washing, is of great importance to the manufacturer. 
Some fibres are short, hard, and of polished exterior, 
while others are long, flexible, and barbed, the former, it 
is scarcely necessary to say, yielding but indifferent 
papers, easily broken and torn, while the papers produced 
from the latter class of fibres are possessed of a great 
degree of strength and flexibility. Fibres from straw, 
and from many varieties of wood, may be taken as repre- 
sentatives of me former class, those from hemp and flax 
affording good illustrations of the latter. There are, of 
course, between these extremes all degrees and combina- 
tions of the various characteristics indicated. It will be 
readily understood that hard,* acicular t fibres do not felt 
well, there being no intertwining or adhesion of the vari- 
oua particles, and the paper produced is friable. On the 
other hand, long, flexible, elastic fibres, oven though com- 
paratively smooth in tbeir exterior, intertwine readily, 

and felt into a strong tough sheet Cotton fibre is 

long and tubular, and has this peculiarity, that when dry 
the tubes oollapse and twist on theii' axes, this property 
greatly assisting the adhesion of the particles in the pro- 
cess of paper-making. In the process of dyeing cotton, 
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CELLULOSE. 

the colouring matter is absorbed into the tubes, and is, ai 
will be readily appreciated, difficult of removal therefrom. 
Papers made exclusively of cotton fibre are strong: and 
flexible, but have a certain sponginess about them which 
papers made from linen do not possess," 

Linen — the cellulose of the flax-plant — before it reaches 
the bands of the paper-maker has been subjected to cer- 
tain processes of steeping or retiing, and also subsequent 
boilings and bleachings, bj' which the extraneous matters 
have been removed, and it therefore requires but little 
chemical treatment at his hands. " Linen fibre," Amot 
further observes, " is like cotton, tubular, but the walls of 
the tubes are somewhat thicker, and are jointed or notched 
like a cane or rush ; the notches assist greatly in the adhe- 
sion of the fibres one to another. This fibre possesses the 
other valuable properties of length, strength, and flexibility. 
and the latter property is increased when the walls of the 
tubes are crushed together under the action of the beating- 
engine." Prom this fibre a very strong, compactly felted 
paper is made ; indeed, ho better material than this can be 
had for the production of a first-class paper. Ropes, coarse 
bags, and suchlike are made from hemp, the cellulose or fibre 
of which is not imlike that of flax, only it is of a stronger, 
coarser nature. Manilla * yields the strongest of all fibres. 
Jute, which is the fibre or inside bark of an Indian plant 
(Corchorvs capmlaris), yields a strong fibre, but is very 
difficult to bleach white. Esparto fibre holds an interme- 
diate place between the fibres just described and those of 
wood and straw. . , ■ The fibre of straw is short, pointed, 
and polished, and cannot of itseK make a strong paper. 
The nature of wood fibre depends, as may readily be sup- 
posed, upon the nature of the wood itself. Yellow pine, 
for example, yields a fibre .long, soft, and flexible, in fact 
very like cotton ; while oak and many other woods yield 
short circular fibres which, unless perfectly free from 
extraneous matters, possess no flexibility, and in any case 
are not elastic. 
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W OF CELLULOSE. s 

Microg^aphic ExEuuination of Vegetable Fibres. — The 

importance of the microscope in the examination of the 
various fibres that are employed in paper manufacture will 
be readily evident from thedehcate nature of the celluloae 
to be obtained therefrom." Amongst others M. Girard 
has determined, by this method of examination, the quali- 

j ties which fibres ought to possess to suit the requirements 
of the manufacturer. He states that nhsolute length is 
not of much importance, but that the fibre should be 
slender and elastic, and possess the property of turning 

' upon itself with facility. Tenacity is of but secondary 
importance, for when paper is torn the fibres scarcely ever 
break. The principal fibres employed in paper-making 
are divided into the following claaaes : — 

II. Round, ribbed fibres, as hemp and flax. 
S. Smooth, oT feehlij-ribhed fibres, as esparto, jute, phor- 
f mium (New Zealand fiax), dwarf palm, hop, and 
I sugar-cane. 
B, Mbro-cellalar subsfanres, as the pulp obtained from 
I the straw of wheat and rye by the action of caustic 
I ^<^- 
fL Flatjtbren, as cotton, and those obtained by the action 

of caustic ley upon wood. 
5. Imperfect aitbstaiiees, aa the pulp obtained from saw- 
dust. In this class may also be included the fibre 
of the so-called "mechanical wood pulp." 
DotarmiiiatioiL of CeUnloBe. For the determination of 
cellulose in wood and other vegetable fibres to be used in 
paper-making Miiller recommends the following pro- 
cesses ; t 5 grammes weight of the finely-divided sub- 
stance is boiled four or five times in water, using 100 cubic 
centimetres J each time. The residue is then dried at 
100° C. (212° Fabr.), weighed, and exhausted with a mix- 
ture of equal measures of benzine and strong alcohol, to 
• For this purpose, a microBcope baying a magniiying power of 120 to 
Lid diametors will be found efficient, 
t ■■ ComniertiBl Organic Analysis." ByA.H, Allen,F.C.S,,vuI.i.p.316. 
} For Table ol Fientli Ueasurcs see end of tbia work. 



CELLULOSE. 

B fat, wax, resin, &c. The residue is again dried and 
boiled several times in water, to every 100 c.c. of which 
1 c.c. of strong ammonia has been added. This treatment 
removes colouring matter and pectous" substances. The 
residue is further bruised in a mortar if necessary, and is 
then treated in a closed bottle with 250 c.c. of water, and 
20 c.c. of bromine water containing 4 c.c. of bromine to 
the litre. t In the case of the purer bark -fibres, such aa 
flax and bemp, the yellow colour of the liquid only slowly 
disappears, but with .straw and woods decolorisation occurs 
in a few minutes, and when this takes place more bromine 
water is added, this being repeated until the yellow colour 
remains, and bromine can be doteet-ed in the liquid after 
twelve hours. The liquid is then filtered, and the residue 
washed with water and heated to boiling with a litre of 
water containing 5 c.c. of strong ammonia. The liquid 
and tissue are usually coloured brown by this treatment. 
The undissolved matter is filtered off, washed, and again 
treated with l)romine water. When the action seems com- 
plete the residue is again heated with aramoniacal water. 
This second treatment is sufficient with the purer fihren, 
but the operation must be repeated as often as the residue 
imparts a brownish tint to the alkaline liquid. The 
cellulose is thus obtained as a pure white body ; it * 
is washed with water, and then with hailing alcohol, 
after which it may be dried at 100° C. (212° Fahr.) and 
weighed. 

Ztecognition of Vegetable Fibres by the Uicroacope. — 
From Mr. Allen's admirable and useful work on " Com- 
mercial Organic Analysis "+ we make the following ex- 
tracts, hut must refer the reader to the work named for 
fuller information upon this important consideration of 
the subject. In examining fibres tmder the microscope, 

■ iVefsiu, pertaimni; to or cocsiiitiTi^ of pestnti or pectin. Pectose !s a 



■abstance umtBiDed in llie pulp of unnpe fle~liy fruit, alao in fleshy 
and i.tber Tegetablo organs. It is insolulilD in water, Lut under 
inflaeni^e of acids is transformed into pectin. 

t A litft equftla 34 fluid ouncon nearly. 

% " CommerciiJ Organic Aoalyois." By A. H. Allen, F.C.S., vol. 
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it. is recommended that the tissues should be cut up with 
sharp scisBora, placed on a glass slide, moistened with 
water, and covered with a piece of thin glass. Under these 
conditions : — 

tllamentH of Colton appear ^s transparent tubes, flat- 
tened and twisted round their axes, and tapering off to a 
ctoHed point at each end. A section of the Elament some- 
what resembles the figure 8, the tube, originally eylindri 
cat, having collapsed most in the middle, fonning serai 
tubes on each side, which give the fibre, when viewed 
in certain lights, the appearance of a flat ribbon, with the 
hem of the border at each edge. The twisted, or corkscrew 
form of the dried filament of cotton distinguishes it from 
all other vegetable fibres, and is characteristic of the ma- 
tured pod, M. Bauer having found that the fibres of the 
uni-ipe seed are simply untwisted cylindrical tubes, which 
never twiat ai'terwards if separated from the plant. The 
matured fibres always collapse in the middle as described, 
and undergo no change in this respect when passing 
through all the vaiious operations to which cotton is sub- 
ject, from spinning to its conversion into pulp for paper- 
making. 

Linen, or Flax Fibre, under the microscope, appears as 
hollow tubes, open at both ends, the fibres being smooth, 
and the inner tube very narrow, and joints, or septa' 
appear at intervals, but are not furnished with hairy 
appendages as is the case with hemp. When flax fibre is 
immei-sed in a boiling solution of equal parts of caustic 
potash and water for about a minute, then removed and 
pressed between folds of filter-paper, it assumes a dark 
yellow colour, whilst cotton under the same treatment 
remains white or becomes very bright yellow. When flax, 
or a tissue made from it, it; immersed in oil, and then well 
pressed to remove excess of the liquid, it remains translu- 
cent, while cotton, under the same conditions, becomes 
opaque. 

* Stpta, plural of septum, n partition, as the partitions of an aian§^, for 
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New Zealand Flax (P/wrtnhim ienax) may be distin- 
guished from ordinary flax or hemp by a reddish colour 
produced on immersing it first in a strong chlorine water, 
and then in ammoma. In in achine- dressed New Zealand I 
flax the bundles are translucent and irregularly covered 
with tissue ; spiral fibres can be detected in the bundles, 
but less numerous than in Sizal, In Maori-prepared 
phormium the bundles are almost wholly free from tissue, 
while there are no spiral fibres, 

Semp Fibre resembles flax, and exhibits small hairy 
appendages at the joints. In Manilla hemp the bundles 
are oval, nearly opaque, and surrounded by a considerable 
quantity of dried-up cellular tissue composed of rectan- 
gular cells. The bimdles are smooth, very few detached 
ultimate fibres are seen, and no spiral tissue. 

Sizal, or Sisal Setup [Agave Americana), forms oval 
fibrous bundles surrounded by cellidar tissue, a few smooth 
ultimate fibres projecting from the bundles ; is more trans- 
lucent than Manilla, and a large quantity of spiral fibres 
are mixed up in the bundles. 

Jute Fibre appears under the microscope as bundles of 
t^ndiils, each being a cylinder, with irregular thickened 
walls. The bundles ofEer a smooth cylindrical surface, to 
which the silky lustre of jute is due, and which is much 
increased by bleaching. By the action of hypochlorite of 
soda the bundles of fibres can be disintegrated, eo that the 
single fibres can be readily distinguished under the micro- 
scope. Jute is coloured a deeper yellow by sidphate of 
aniline than is any other fibre. 




CHAPTER II. 
MATERIALS USED IN PAPER-MAKING, 

Raw Materials.— ^Rags. — Disinfecting Machine. — Siraw. — Esparto 
Grass; — Wopd. — Bambqo. — Paper Mulberiy. 

In former days the only materials employed for the 
manufacture of paper were linen and cotton rags, flax and 
hemp waste, and some few other fibre-yielding materials. 
The reduction of the excise duty, however, from 3d. to 
l^d. per lb., which took effect in the first year of Her 
Majesty's reign — namely, in 1837 — created a greatly in- 
creased demand for paper, and caused much anxiety 
amongst manufacturers lest the supply of rags should 
prove inadequate to their requirements. Again, in the 
year 1861 the excise duty was totally aboHshed, from 
which period an enormously increased demand for paper, 
and consequently paper material, was created by the esta- 
blishment of a vast number of daily and weekly papers 
and journals in all parts of the kingdom, besides reprints 
of standard and other works in a cheap form, the copy- 
right of which had expired. It is not too much to say, 
that unless other materials than those employed before the 
repeal of the paper duty had been discovered, the abolition 
of the impost would have proved but of little service to 
the public at large. Beneficent Nature, however, has 
gradually, but surely and amply, supplied our needs 
through the instrumentality of man's restless activity and 
perseverance. 

The following list comprises many of the substances 
from which cellulose, or vegetable fibre, can be separated 
for the purposes of paper-making with advantage ; but the 



lo MATERIALS USED IN FATER-MAKING. 

vegetable kingdom furnishes in addition a vast number of 
plants and vegetableB which may also be used with the same 
object. We have seen volumiaoua lists of fibre-yielding 
materials which have been suggested as suitable for paper- 
making, but since the greater portion of them are never 
likely to be applied to such a jiurpose, we consider the 
time wasted in proposing them. It is true that the stalks 
of the cabbage tribe, for example, would be available for 
the sake of their fibre, but we should imagine that no 
, grower of ordinary intelligence would deprive his ground 
I of the nourishment such waste ia capable of veHming to 
' the s 41, by its employment as manure, to furnish a mate- 
rial for paper-making. Again, we have seen blackberries, 
and even the pollen (!) of ])lants included in a list of paper 
materials, but fortunately the manufacturer is never likely 
to be reduced to such extremities as to be compelled to 
use materials of this nature. 

Kaw Kckterials. 



Cottnn ragB. 


BarliB of various trees, espe- 


CiiitoQ wool. 


cially of the paper mulberry 


Cotton wsstB. 


Poat. 


Cotion-seed waste. 


Twigs of common broom and 


Linen rags. 


heather. 




MuBlard stemB after threshing 


Hemp wnBtn. 


BMckwheat Btniw. 


Jliinilla liemp. 


Tobacco stalks. 


FIhx waste, etc. 


Betitroot refuse from suear 


Jute wuste, etc. 


works. 


China grass. 


Megaas, or "cane trash"-™- 


Batnboo cane. 


fUBB of the Bugar care alter 


EHtbm cone. 


the juice baa been extracted 


Itnoanu fibre. 


Fem liavoa. 


(itraw of wheat, eto. 


Tan waste. 


Bushes of Tarioua kindfl. 


Dvera" wood waste. 


New Zealand flax. 


Old bHgging. 


Maize atcnw, husks, eto. 


Old bast matting. 


Espaito graos. 


Hop-bines. 


Keed-. 


Beanstalks. 


Woods of various kinds, espe- 


Old canvas. 


woo.iB,as poplar, wiUuw. etc. 


Old rope. 


Gunny bags. 


■Wood flhaving^, auwduflt, iind 


■Waste paper. 


tbips. 


Bindern' clippings, ttc. 



Old nettinK. 


Silk coooou wB 


fiailclotli. 


OHkam. 


8e« gn.«a {Zoitera marina). 


Flax tow. 


Fibroae waEte rasnlting from 


Hflg Imgging. 


phBtniBcentical propanitiojifl. 


Lr'ather H-ute. 


;p..tatoBtiilJts, 


Tarpaulin. 



Kaf s, — Linen and cotton raga are imported into Great 
Bi-itain from almost all the countpies of Europe, and even 
frum the distant states of South America, Lritish South 
Africa, and Australasia. The greater proportion, how- 
ever, come from Germany. The rags collecteiJ in England 
chiefly pass through the hands of wholesale merchants 
established in London, Liverpool, Manchester, and Bristol, 
and these are sorted to a certaia extent before they are 
sent to the paper-mills. By this rough sorting, which 
does not include either cleansing or disinfecting, certain 
kinds of rags which would be useless to the paper-maker 
are separated and sold as manure. Woollen rags are not 
usually mixed with cotton rags, but are generally kept 
apart to be converted into " shoddy." The importance of 
disinfecting rags before they pass through the hands of 
the workpeople employed at the paper-mills cannot be 
over-estimated, and it is the duty of every Government to 
see that this is effectually carried out, not only at such 
times when cholera and other epidemics ai'e known to be 
rife in certain countries from which rags may be imported, 
but at all times, since there is no greater source of danger 
to the health of communities than in the diffusion of old 
linen and cotton garments, or pieces, which are largely 
contributed by the dwellers in the slums of crowded cities. 

Respecting the disinfecting of raga, Davis* thus ex- 
plains the precautions taken in the United States to guard 
against the dangers of infection from rags coming from 
foreign or other sources. " When cholera, or other in- 
fectious or contagious diseases exist in foreign countries, 
or in portions of the United States, the health officers i 
charge of the various quarantines in this country require 

• "Manufautoraof Pupor.'' By C. T. Davi a, Philadelphia, 1887. 
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that rags from countries and districts in which such 
diseases are prevalent shall be thoroughly diainiocted 
before they are allowed to pass their stations. Rags 
shipped to Loudon, Hull, Liverpool, Italian, or other 
ports, and re-shipped from such ports to the United 
States, are usually subjected to the same rule as if shipped 
direct from the ports of the country in which such 
diseases prevail. It is usually requisite that the disinfec- 
tion shall be made at the storehouse in the port of ship- 
ment, by boiling the raga several hours under a proper 
degree of pressure, or in a tightly-closed vessel, or disin- 
fected with sulphurous acid, which is evolved by burning i 
at least two pounds of roll sulphur to every ten cubic feet 
of room space, the apartment being kept closed for several 
hours after the raga are thus treated. Disinfection by 
boiling the rags is usuaEy considered to be the best 
method. In the case of rags imported from India, Egypt, 
Spain, and •other foreign countries where cholera is liable 
to become epidemic, it is especially desirable that some 
efficient, rapid, and thorough process of disinfecting 
should be devised. In order to meet the quarantine 
requirements, it must be thorough and certain in its 
action, and in order that the lives of the workmen and of 
others in the vicinity may not be endangered by the 
liberating of active disease- genns, or exposure of decay- 
ing and deleterious matters, and that the delay, trouble, 
and exposure of unbaling and rebaling may be avoided, it 
must be capable of use upon the rags while in the bale, 
and of doing its work rapidly when so used." 

DiamfBctmg Machine. — ^To facilitate the disinfecting 
of rags while in the bale, Messrs. Parker and Blackraan 
devised a machine, for which they obtained a patent in 
1884, from which the following abstract is taken. 

Formerly raga and other fibrous materials were dis- 
infected by being subjected to germ-destroying gases op 
liquids in enclosed chambers, but in order to render the 
disinfecting process effectual, it was found necessary to 
treat the material in a loose or separated state, no sue- 
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cesaful method having been adopted for disinfecting the 
materials while in the bale. " This unbab'ng and loosen- 
ing or spreading of the undisinfected material is abso- 
lutely nnsal'e and dangerous to the workmen, or to those 
in the vicinity, because of the consequent setting free of 
the disease germs, and the exposing of any decaying or 
deleterious matters which may be held in the material 
while it is compressed in the bale. The unbaling and neces- 
sary rebaling of the mateiial for transportation also in- 
volves much trouble and expense and loss of time. Large 
and cumbrous apparatus is also necessary to treat large 




quantities of material loosened or opened out as hereto- 
fore." 

It is specially necessary that rags coming from Egypt 
and other foreign countries should be thoroughly disin- 
fected by some rapid and effectual means, which, while not 
endangering the health of workmen employed in this some- 
what hazardous task, will fully meet all quarantine re- 
quirements. The apparatus devised by Messrs. Parker and 
Blaokman,* an abridged description of which is gi^'en 
below, will probably accomplish this much-desired object. 

• Patent dated IGtli December, 1881, No. 839. 



i6 MATERIALS USED IN PAPER-MAKING. 

x', forming a continuation, of the opening ; by this means 
all foul and deleterious vapours or gases passing out of 
the closed chamber A through the passage w must pass 
through the disinfecting liquid in the tank before escap- 
ing through the opening x and stack x' into the air, and 
are thus rendered harmless. 

WTien a sufficient amount of the disinfectant has been 
forced into and through the bale, the disinfectant ia turned 
off, and cold dry air can be forced through chamber m, 
and out through the nozzles and bale, whereby the 
material within the bale becomes cooled and dried, and all 
the foul air from the chamber a driven out, so that it may 
be opened and entered with safety. Any suitable disin- 
fectant may be used with this apparatus, as, for example, 
sulphurous acid, in gas or solution, superheated steam, 
carbolic acid, or any solution or vapour containing 
chlorine. 

Straw. — Very large quantities of this material are used 
in the manufacture of paper, but more especially for news- 
papers, the straw from ivheat and oats being mostly em- 
ployed. Although the percentage of cellulose in straw is 
about equal to that of esparto, the severe treatment it re- 
quires to effectually remove the silicious coating by which 
the fibre is protected, and to render the knots amenable 
to the action of the bleach, greatly rediices the yield of 
finished pulp. Many processes have been introduced 
for the treatment of straw for paper-making, but the 
most successful of them appear to be modifications 
of a process introduced in 1853 by MM. Coupler and 
MelKer. 

Xeparto Orass. — This important fibrous material is 
largely imported from Algeria, Spain, and other countries, 
and constitutes one of the most valuable fibre-yielding 
materials with which the manufacturer has to deal. Some 
idea of the amount of esparto and other fibres which find 
their way to our shores may be gleaned from the fact that 
while the import of cotton and linen rags in the year 18S4 
was 36,1233 tons, of the value of £487,866, that of esparto 
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ORIGIN OF THE WOOD PULP PROCESS. 

and other fibres amounted to 184,005 tons, of the 
£1,125,553. 

Wood. — ^As a paper-making material, the fibre obtttinetl 
from various kinda o^ vood now holds an important posi- 
tion, since the sources of supply are practically inex- 
haustible. The first practical process for manufacturing 
pulp from wood fibre was perfected and introduced by the 
author's father, the late Mr. Charles Watt, who, in con- 
junction with Mr. H. Burg«sa, obtained a patent for the 
invention on August 19tli, 1853. The process wasafter- 
wards pubKdy exhibited at-a small works on the ilegent's 
Canal, when the Earl of Derby (then Lord Stanley), many 
scientific men and representatives of the press, were 
present, and expressed themselves well satisfied with its 
success. Specimens of the wogd paper, including a copy 
of the Weekly Times printed thereon, were exhibited, as 
also some water-colour drawings which had been produced 
upon paper made from wood pidp. Failing to get the 
I process taken up in England, au American patent wuh 
applied for and obtained in 1854, which was subsequently 
purchased ; but with the exception of an instalment, the 
pure base -money was never paid to the inventor ! Thus 
the process " got " into other hands, the original inventor 
alone being unbenefited by it. 

It has been repeatedly stated,* no doubt unwittingly, 
that a person named Houghton first introduced the wood 
paper process into this country ; but considering that his 
' "patent was not obtained until 1^57, or four years after the 
process above referred to was patented and publicly ex- 
hibited in England, it will be seen that the statement is 
absolutely without foundation. The first knowledge Mr. 
Houghton received concerning wood as a paper-making 
material was from the author's father, and he (Mr. Hough- 
ton), in conjunction with Mr. Burgess, introduced the 
Watt and Burgess process into America in the year 1854. 
These are the facts. 




ia m the year 1854. i 

and Cross and Bevan's fl 

^1 
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Bamboo (Bambma vulgaris). -^TheleaYes and fresh-cut 
steins of this plant are used for paper material, but require 
to pass through a preliminary process of crushing, which 
is effected by suitable rolls, the second series of crushing 
rolls being grooved or channelled to split or divide the 
material, after which the stems are cut to suitable lengths 
for boiling. 

Paper Mulberry {Bromsonetia papt/rifera). — The inner 
bark of this tree, and also some other basts, have long been 
used by the Japanese and Chinese in the manufacture of 
paper of great strength, but of extreme delicacy. 



QHAPTER III. 
TREATMENT OF RAGS, 

Preliminary Operations. — Sorting. — Cutting. — Bertrams' Rag-cutting 
Machine. — Nuttall's Rag-cutter. — Willowing. — Bertrams' Willow 
and Duster. — Dusting. — Bryan Donkin's Duster or Willow. — 
Donkin's" Devil.*' 

Preliminary Operations.— Before the rags are submitted 
to the various processes whicli constitute the art of paper- 
making, they are subjected to certain preliminary opera- 
tions to free them from dirty matters, dust, and even 
sand, which is somjetimes fraudulently iatroduced into 
rags to increase their weight. Tliis prelimiaary treatment 
may be classified under the following heads, namely : — 
Sorting ; Cutting ; Willowing ; Dusting. 

Sorting^. — The rags being removed from the bags or 
bales in which they are packed, require first to be sorted 
according to the nature and quality of the fabrics of 
which they are composed ; thus linen, cotton, hemp, wool, 
&c., must be carefully separated from each othei*; the 
thickness of the substance, its condition as to the wear it 
has undergone, and the colour of the material, all these 
considerations are taken iato account by the women and 
girls who are employed in the operation of sorting. The 
liner qualities are set aside for writing-paper, inferior 
sorts being used separately, or mixed, according to the 
requirements of the manufacturer. Blue rags are gene- 
rally separated from the rest and kept for the manufacture 
of blue paper, but most of the other coloured rags require 
bleaching. In sorting rags, a good deal of judgment and 
skin are required to avoid mixing the better qualities with ' 
those of ai). inferior class, which would occasion loss in the 
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Jiianufaetiire. It is also important that those of inferiui' 
colour should not bo mised with the finer qualities, which 
would bo liable to affect the colour and deteriorate the 
quality of the paper. Paper manufacturers generally 
classify the rags obtained from home sources, that is, from 
different parts of the United Kingdom, under the following 



New onttinga. 
Linen piecea. 
Cotton piecea. 
FinBB (whiles), 
Superfineii (whites). 
OntithotB (whites}, 
l^econda (whites). 
Thirds (whitos). 



Colours or prints. 



Gunny, dirty. 
Rope {white). 
Eope (hard), 
Kopo, bagging, 



Foreign rags are distinguished as below :- 



Hixed fines (lincoB and 

Grey linens. 

SUong linen I. 

Extra fine linens 

Blue linens. 

Superfine white cottons. 

Outehot cotloiis. 

Secunde, 



fiELOiAN lima. 

llnlf jute and linen. 
Light prinla. 
Mixed prints. 

FusliauH. 

Black calicoes. 

■\Vhita hemp, strings, and rope. 

Tarred hemp, strings, and rope. 

Jule gpiiinera' waste. 

Jute waaLe. 



Girey linens. 
Blue linens. 
Unbleached cottons, 
'White linens and cottons. 



Print cuttings (fret 

hlaok), 
Blaofca, 
PuaCiana. 



FuENCH Baqs. 



French linens. 
White cotton. 
Knitted cotton. ■ 
Blue cotton. 
Coloured Co. ton. 



Black cottnn. 
Marseilles whites. 
Light prints. 
Mined prints. 
New whito cutting! 





SORTING RAGS. 


• 

8. P. P. 
P. P. 
P. O. 

.Tim X< P* 

P. P. white linen (first), 
p. white linen (second). 


Geheman Bags. 

L. ^. B. blue. 
c. s. p. p. p. p. 
0. p. B. blue. 
c. F. X. coloured. 

T&IESTE. 

s. fine greys. 

X. coloured cottons 


p. L. linens, 
p. c. cottons. 




Leghorn. 

8. C. 
T. C. 




• 

TUBKBT AND BeYKOUT. 






Bright reds. 
Alexandbia. 


Whites. 




• 

Blues. Colours. 




• 

Baltic and Russian. 


8. P. F. P. 
8. P. P. 
L. P. B. 
. P.O. 




p. p. 

B. G. 

L. p. X. 
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Woollen • rags are only used to a very moderate extent 
in blotting and filtering papers and also in coarse papers 
and wrappers. Many attempts have been made to bleach 
woollen rags, but the severity of the treatment required 
invariably ended in a destruction of the fibrous substances 
mingled with them. It is customary to dispose of such 
material for re-making into common, cloths; and for 
shoddy. .Rags collected in large cities, in consequence 
of the frequent bleachings they have been subjected to, 
are considerably weakened in fibre, tearing easily, and are 
therefore subject to loss in process of manufacture into 
pulp. Country rags, being coarser and greyer because less 
bleached, are stronger in fibre and give a better body to 
the paper. In sampling rags it is necessary to take pre- 
cautions against the fraudulent " tricks of the trade," 
which are often resorted to to cheat the manufacturer. 
Samples should be taken from the interior of the bags 
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or bales, to ascertain if the material in the interior 
is equal in quality with that at the outside — that is 
to say, that the quality is fairly averaged throughout. It 1 
may also be found that the rags have been purposely I 
wetted to increase their weight. If such is found to be I 
the case, a few handfuls should be weighed, and then 
dried in a warm room, and afterwards re-weighed, whmi 
if the loss exceeds 5 to 7 per eent.- it may be assumed 
that the raga have been fraudulently wetted. It ia gene- 
rally found, however, that the mei'chauts in the principal 
towns transact their business honourably and are therefore 
reliable. 

The sorting is generally performed by women, who not 
only separate the various qualities of the rags, which 
they place in separate receptacles, but also remove all 
buttons, hooks and eyes, india-rubber, pins and needles, 
&c,, and loosen all seams, hems and knots. The rags 
are next carefully looked over by women called oter- 
haukrs, or over-lookers, whose duty it is to see that the 
previous operations have been fully carried out in all 
respects. Usually there is one over-hauler to every eight 
or ten cutters. 

Catting. — In some mills it is preferred to have the rags 
cut into pieces from 2 to 4 inches square, hut the actual 
size ia not considered ' of much importance. The chief 
object is to have them in such a condition that they may 
be thoroughly cleansed in subsequent operations, and able 
to float throughout the water in the rag-engine, without 
twisting round the roller. If the rag pieces are smtdler 
than is required to effect this it tends to create a loss of 
tibro in the operations of willowing and dusting. 

The process- of cutting is performed by hand or 
by machinery. When the rags are cut by hand, the 
Operation, which is accomplished by women, ia conducted 
as follows : — The cutter takes her place in front of an 
oblong box, as in Fig. 3, covered with coarse wire netting, 
containing three threads per inch, through which dust, 
&c., passes to a receptacle beneath ; in the centre is fixed, 




in a alfititiiig poaition, a large-bladed knife of peculiar 
form, with its back towards the opurator, who is sur- 
rounded by a number of ''^ 
boxes, corresponding with 
the number of the dif- 
ferent qualities of raga ; 
these arc lined at the bot- 
tom with coarse wire 
gauze. In the operation 
of cutting, if any foreign 
substances, such as but- 
tons, hooks, &c., which 
may have escaped the 
sorters are found, these 
are at once removed. The 
rags as they are cut are 
put into baskets to be 
conveyed to the rag-engii 
are cut by machinery, but 

for the bettei' kinds of paper, as it is obvious that the 
machine would not be able to reject, as is the case in 
hand cutting, unpicked seams and other irregularities 
which may have escaped observation by the sorters and 
overhaulers. Machine cutting is, therefore, generally 
adopted for the materials which arc to be used for the 
coarser papers. There are several rag-cutting machines 
in use, of which one or two examples are given below. 

Bflrtriuas' Sag-Cutting Machine. — The engraving, 
Fig. i, represents a machine manufactured by Messrs. 
Bertrams, Limited, of St, Katheriae's Works, Edin- 
burgh, to whose courtesy we are indebted for this 
and other illustrations of their machinery, which have 
been reproduced in outline from their illustrated cata- 
logue. The machine, which is suitable either for rags or 
ropes, has three revolving knives, and one dead knife, 
which is rendered reversible to iaar edges, and has self- 
ipliug feed gear, side frames, drum, and other connec- 
B of substantial construction ; it is wood covered, and j 



! mills rags 
1 cutting is usually adopted 
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furnished with sheet-iron delivery spout. The material 
passes into the machine along the table at a, where it 




Fig 4 



passes between the dtad knife c and the knive'^ b fixed to 
the revolving drum / The cut rags fall into a receptacle 
beneath the drum 

ITattaU'B Bag Cutter. — Another type of rag cutter, 
and which ia also suitable for cutting bagging, sailcloth, 
tarpaulin, Manilla and other fibres, is Nuttall's Rag Gut-, 
ter, a drawing of which is shown in Fig. 5, This 
machine is manufactured by Messrs. Bentley and Jackson, 
of Bury, near Manchester, and is generally known as 
the "Guillotine Rag Cutter," from the principle* of its 
action, which is that of chopping the material. The 
machine is adopted at many mills, and a large-sized 
machine has recently been put down at the Daily' Tele- 
graph miUs, Dartford. A medium-sized machine will cut 
about one ton of rags in an hour. 

Willowiug', — In some mills the cut rags are conveyed 
to a machine called the " willow," which in one form of 
machine consists of two cast-iron cybnders, 2J feet in dia- 
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meter and Z\ feet -wide, provided with niiiaerous i 
teeth, which project ahout 4 inches. These cylinders are 
placed one behind the other, and beneath them is a 




circular screw, and above them a cover of the same form. 
This cover is also furnished with teeth, and is so adjusted 
that the teeth in the cylinders pass those in the cover at 
a distance of ^ to f of an inch. In front are a pair of 
rollers and revolving apron, which carry the rags into the 
cylinders, which rotate rapidly ; and the rags, which are 
thrown by the first into the second cylinder, are allowed 
to remain in them for about 20 seconds, when a sliding 
door, which rises three times per minute, allows the raga 
to be discharged into a duster. Each time the sliding 
door opens the revolving apron moves forward and re- 
charges the wiUow with n fresh supply. The rags, after 
being beaten and teazed in the willow, are considerably 
, loosened in texture, and a good deal of dust and gritty 
matters fall through the screen beneath. 

Fig. 6 represents a combined willow and duster, speci- 
ally useful for waste rags and jute, but may be nsed for 
all fibres, manufactured by Bertrams, Limited, the main 
features of which are thus described : — " There are two 
drums, which have malleable -iron cross-bars and teeth, 
and malleable- iron harp motion below for escape of dust. 
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The framework of the willow ia of cast iron, and the sides 
are filled 4n with cast-iron panel doors, the top being 
covered in with sheet iron. The gear 15 arraneed so that 
the willow will deliver to the duster or otherwise by self- 
acting motion continuously or intermittently. The feed 
to the willow can also be made continuous or intermittent. 
The drums, framework, panels, and casing being made of 
iron, the chance of fire from the friction of its working" is 
reduced to a minimum. The duster, as a rule, is 12 feet 




long, about 5 feet in diameter, and has eight longitudinal 
bars of cast iron fitted between the front and end revolving 
rings. These bars are fitted with malleable-iron spikes, 
pitched and so arranged that the rags or fibres are delivered 
at the exit end automatically. The outside of the duster 
can be lined with wire-cloth, perforated zinc, iron, etc. 
It is driven by outside shafts and friction gear, so that 
there is no internal shaft to interfere with the delivery of 
the fibres." 

BTtating. — In Fig. 7 is shown a rag-dusting machine, 
manufactured by Messrs. Bryan Donkin and Co., of Ber- 
mondsey, London. The cylinder of this machine, which 
ia conical in form, to enable the rags to travel from one 
end to the other, whence they are ejected, revolves, as 
also does a second cylinder of a skeleton fonn, but in 
the opposite direction. Each cylinder is fitted with 
knives, or spikes — those of the outer cylinder projecting 



towards the centre; the knives of the centre cylinder 
being attached to its extorior surface : when the machine 
is in motion the two sets of bladea pass each other so 
that when the raj^s corae between them the action is that 





t c so 8 TTh n he rags are ejected at the end of the 

1 nder thej pu n o n her cylinder of wire, through 

which the dus iall and leaves them in a fairly clean 

■ondition when they a e lowered through a trap-door to 

he bo Imp rot n b low 
DonJan a Devil For removing the dust and dirt 
mo nd d rags, oakum, rope, etc., the 




presence of which would seriously injure the quality of 
the paper, a still more powcrl'ul machine has been in- 
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troduced,' called the " devil/' which is constructed on the 
same principle as the willow, but revolves at a lower 
speed. The revolving axle of this machine is conical, and 
is provided ^with teeth, arranged in a spiral form. The 
case in which it rotates is fed continuously, iiistead of 
intermittently ; and although it facilitates the subsequent 
treatment of the fibre, it is said to be wasteful, while also 
consuming a considerable amount of power. A machine, 
or " devil," ^or cleaning rags or half stuff is manufactured 
by Messrsl. Donkin and Co., a representation of which 
ifi shown in Fig. 8, 




Boiliiig Rags.— BertramB' Eng Boiler.— DonHn's Rug Boiler.— WsBhinf; 
and Breaking. ^BertrHina' Rfig Engine. — BentlBy and Jscltaon's Rag 
Engiua.— Draining.— Torrance's Drainer. 

Boiling Bags. — To remove greasy, mattera, and hIso to 
dissolve out the cementing substances from the stems of 
fliix and shell of the cotton, the raga are next boiled in a 
solution of caustic soda, caustic Hmc, or a, mixture of car- 
bonate of soda and lime. The boiling has also the effect 
of loosening the dirt contained in the rags, whereby the 
colour (jf the material is greatly improved, while at the 
same time it is rendered more susceptible to the action of 
the bleaching agent. Strong linen rags will sometimes 
lose from one-tmrd to one-fifth of their weight by the 
process of boiling. The vessels for boiling rags are of 
Tarions construction, and have been the subject of nume- 
rous ingenious patents. These boilei's are either cylin- 
drictil or spherical, and are also stationary or rotary — the 
latter form being devised for the purpose of keeping the 
caustic alkali solution freely diffused throughout the mai^s 
of fibre during the boiling. 

Bertrama' Bag BoUer.- An illustration of a spherical 
boiler, as manufactured by Bertrams, Limited, of Edin- 
burgh, is given in Fig. 9. The shell of this boiler is 
made from malleable iron, is, 8 feet in diameter and 
9 feet deep. The boiler is constructed on what is termed 
the " vomiting " principle, by which a free circulation c ° 
" B alkaline liquor is constantly maintained. These b 

iiioade to withstand any pressure of steam, but t" 




culation of J 
lese boilers M 
lut the size fl 

A 4 



TREATMENT OF RAGS. 



given is usually worked at from 35 to 45 lbs, pressure, | 
and carries about 30 cwt. of dry esparto, J 




Donkin'B Bag Boiler. — The spherical boiler of Messrs. 
Bryan Donfein and Co, is shown in Fig. 10. Being of 
a spherical form, it is twice as strong as a cylindrical 
boiler of the same diameter and thickness. The plates 
used are, notwithstanding, of the usual substance, thus 
i-endering it perfectly safe, durable, and suitable for high- 
pressure steam. The spherical shape also allows the rags 
to fall out by theniiselvee when the boiler is revolving 
with the cover off. Within the boiler are strainers to 
carry off the dirt, and lifters to agitate the rags during 
the process of either boiling or washing. To avoid 
cement, or even lead joints, the gudgeons and the boiler 
are turned true in the lathe to tit each other, the joints 
being simply made with red lead. These boilers arc 
usually about 8 feet in diameter, and are capable of boil- 
ing from 20 cwt. to 25 cwt, of rags. The idea of giving 
motion to the boiler, so as to insure a perfect mixture 
of the rags and the caustic liquor, is of American origin, 
and was first in£roduced into this countiy by " 



Messrs. J 
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Bryan Doiikin and Co. It is usual to fix the boiler so 
that it can be fed with rags through a trap in the floor 
ahove, while the boiler is in a vertical poaition and the lid 
removed. The trunnions are hollow, to admit the intro- 
duction of Bteam, alkaline ley, or water, and its rotaiy 




Fiff. 10. 

motion, which is about three times in two minutes, is given 
by the gearing on the left of the illustration. 

The alkalies used for boiling rags are either caustic 
suda, soda ash, slaked lime, made into a cream and sifted, 
: a mixture of slaked lime and carbonate of soda. A 
1 of the preparation of caustic suda ley will bo 




1 
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found in another chapter. It has been customary at 
most of the larger paper-mills to purchase their caustic 
soda direct from the alkali manufacturers, who supply 
it in a solid form enclosed in iron drums, hermetically 
closed, which are broken and the contents removed 
and dissolved when required for use. As to the strenj^h 
of caustic soda liquor to be used for boiling rags, this 
is regulated according to the nature and condition of 
the material, and the quality of the paper it is intended 
for (see p. 34). For the finest papers the caustic soda 
should be perfectly pure, and as there are various grades 
of this chemical substance sold by the alkali makers, 
only the purer qualities are used for the better kinds 
of paper. The proportion of caustic soda per cwt. of 

. rags varies to the extent of from 5 to 10 per cent, of 
the former to each cwt, of the latter, the coarser mate- , 
rials, of course, requiring more alkali than those of finer 
quality. In cases where rags are boiled in an open 
boiler — as was formerly the case — a much larger propor- 
tion of caustic soda wbuld be required than when the 
boiling is conducted under high pressures, as is now very 
generally the custom. In boiling the finer qualities of 
rags, less pressure of steam is required than for the coarser 
qualities, and the heat being proportionately lower, there 
is less destruction of the fibre. Some paper-makers prefer 
to boil the rags with caustic lime pnly, in which case the 
lime, after being slaked in the usual way, is mixed with 
water until it attains a milky consistence, when it is 
passed through a sieve to separate any solid particles 

. which may be present. About the same percentage of 
lime may be used as in the former case. 

When a mixture of lime and carbonate of soda Is used, a 
method much adopted on the Continent, the lime should be 
well screened from limips before being mixed with the soda. 
The usual method of preparing this mixture is as fol- 
lows : — A wooden tank, 15 feet long, 5 feet wide, and 4 feet 
deep is divided into tljree compartments, each of which 
has a false bottom perforated with j-inch holes to keep 
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back lumps, stones, pieces of cool, etc., which frcquenlly 
abound' in the lime. The fresh lime is put into the first 
compartmGiit, whera it ia slaked with water in the usual 
way ; the resulting powder is then put into the nest com- 
partment together with sufficient water, where it is agitated 
until converted into what ia technically termed " milk of 
lime." In the partition which separates the second from 
the third division is a movable sluice, through which the 
milk of lime flows into the third compartment ; in this is 
fitted a revolving drum, similar to the drum-washer of 
the hrcaking-engiue, through which the milk of lime 
jvhich flows from the sluice becomes strained, and is lifted 
in the same way as water is lifted by the drum-washer of' 
the breaking-engine, and is thence discharged through a 
pipe into the rag boilers ; ,an additional, straining can he 
effected by placing a fine wire strainer over the mouth of 
this pipe leading Xa the boiler, which will prevent objec- 
. tionable particles from entering the boiler. Each com- 
partment is provided with a large waste pipe, through 
which, by the aid of a suf&cient supply of water, all im- 
purities which have been rejected by the drum are carried 
away. The soda solution is prepared by dissolving the 
required proportion in water, and the resulting liquor, 
after careful straining, is introduced into the boiler to 
which the charge of rags has been given ; the head of the 
boiler is then fixed in its position and steam turned on, 
until a pressure of about 20 to 30 lbs. to the square inch 
is attained, and the boiling kept up for two to sis hours, 
according to the quality of the rags. By the Continental 
system of boiling raga, for No. 1 stuffs, 216 lbs. of lime 
and 114 lbs., of 48 per cent., soda ash are used for every 
4,000 lbs. of rags; f or Nos. 3 and 5 stuffs, 324 lbs. of 
lime and 152 lbs. of soda aeh are used; and for No. 4 
stuff 378 lbs. of lime and 190 lbs. of soda ash, and the 
boiling in each case is kept up for twelve hours, under a 
'bs., the operation being conducted in 
live horizontally, 
finest qualities of rags, it is considered 
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preferable to boil with lime alone, which is believed to be 
less inJuriouB to dolicate fibres than caustic soda. Dunbar * 
gives the following proportions of 70 per cent, caustic soda 
per cwt. of rags : — 

s. p.*F. F. F. is boiled with lime alone, then washed in 
the boiler, and again boiled with 2 per cent, of socfk ash, 

th 12 Ibe. ot (70 per cent.) cauBtic soda per cwt. 



These are aU boiled at a pressure of from. 20 to 25 Iba. for 
10 hours, in stationary boilers without yomit, and also in 
boilers revolving horizontally. In some mills, where the 
beat qualities of paper are made, iron boilers are objected • 
to, as small particles of oxide of iron are apt to become 
dislodged from the interior of the boiler, and produce dis- 
colouration of the paper. In such cases wooden vats, 
with mechanical stijTers, are employed ; sometimes a 
jacketed boiler is used. 

Wasliinff and Breaking. — The removal of the dirty 
water resulting from the boiling is effected in the washing 
and breaking engine, or "rag engine," as it is commonly 
called, which ia constructed on the same principle as the ' 
beating engine, but is provided with an extra drum, called 
the drum-washer, which, being covered with wire gauze, 
allows the washing waters to escape without permitting 
the tibrous'stuff to pass through. The rag engine, having 
been invented by a Dutchman, acquired, and still retains, 
the name of the Hollander, and although it has been con- 
siderably improved upon, its principle is still retained in 
the modem engines, of which there are many differeot 
forms. The ordinary rag engine, Figs. 1 1 and 12, consists 
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of a cast-iron trough a, about 10 feet long, 4 J feet wide, and 
> 2J feet deep, and rounded at the ends, and is firmly bolted 

ito a wooden foundation. It ia provided with a partition 
termed the midfeatker B, of such a length as to have the 
trough of uniform width round it. A cylinder, or roll, c, 
furnished with a sBriea of steel kaivcs, rotates in one of 
the divisions formed by the niidfeather, and the floor of 
the trough in this division is inclined in such a manner as 

\ 

w to fcanse the pulp, as it travels, to pass- under the roll. 

I Beneiath the roll is the bed-plate, which is fitted with a 
series of steel knives e c similar to those on the exterior o(" 
the roll. The distance between the knives of the roll and 
the bed-plate is regulated by levelling screws, which are so 
adjusted that both ends of- the roU are raised at the same 
time, which is a great improvement upon the older types 
of breaking engines in which only one end of the roll wan 
raised, whereby the knives became \mc(\na\\'^ ■^qyvv, \in 
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the present method of regulating the distance between tlie 
respective sets of knives, any required degree of fineness 
can be given to the fibrous substances treated. The roll 
is gcneriilly caused to rotate at a speed of about 330 
revolutions per minute, causing the water and raga to cir- 
culate in the engine and to be constantly under the action 
of the .knives. In the other division p F of the trough 
iff the drum-washer h, which, being covered with fine 
gauze wire, allows the water to enter, but keeps back the 
" fibrous material. The ends of the drum are formed of 
two discs of wood, generally mahogany, upon which the 
coarse gauze is fastened as a backing, and this is covered 
with the fine wire gauze. The interior of the drum is 
. sometimes furnished with a series of buckets, which con- 
duct the water to a trough in the axis of the drum, by 
which it is led away. This is also accompKshed by dividing 
the interior of the cylinder into compartments by means 
of a partition. The drum-wasber is so arranged that it 
can be wholly raised out of the trough, which is necessary 
in certain parts of the operation, when the removal of the 
■ liquid is not required ; or it can be partially raised, or 
otherwise, according to requirement. The floor of the 
compartment containing the roll c is inclined at p, so as 
to cause the pulp to pass directly under the roll, and at 
' ii' is the hack/all, over which the pulp travels to the oppo- 
I site side of the midieather, 

i Tn working the rag engine, it is first partly filled 

I with water, and then set in motion ; the boiled stuff is 

then gradually put in, and a constant supply of clean 

1 water is run in from a cistern provided with means of 

I preventing sand or other impurities from finding their 

|. way into the engine. If is of the utmost importance tliat 

the water should be abundant and of good quality, more 

especially as the material (rags) is mostly required for 

making the finer qualities of paper. In this respect the 

county of Kent and a few other localities on the chalk 

formation are considered specially suitable for this par- 

1 ticular manufacture. 
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With respect to the driving of the engines, this was 
formerly effected by what is culled toothed gmrinij, but 
cog-wheels were afterwards replaced by iron spur-wheel 
gearing, which enabled manufacturers to drive four or 
more engines from one source of power, by continuing the 
line of shafting and spur-wbeela; but even with small 
roUa the wear and fear on this system was considerable, 
while it was quite inadequate to the driving of a number of 
large rolls of 30 inches in diameter, such as are now used. 
The introduction of belt-gearing, by Messrs. Q-. and W. 
Bertram, proved to be a great improvement on the older 
system, alid it is found .that the rags are broken not only 
more imiformly, but in less time, as the rolls work more 
steadily on the plates than with any system of wheel- 
gearing, while the various working parts of the engine 
last longer than when subjected to the vibrating action of 
wheel -gearing. 

BeitramB' Bag Engine — This engine, of which a 
drawing is shown in Fig, 13, may be used either as a 




washing and breaking engine, potcher, or beater, 
provided with double lifting gear, and has " all i 
curves, and angles " of the most improved design ti 
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lodgments and ensure steady and thorougfi travelling of 
the pulp. The drum- washer is shown lifted by rack and 
pinion and worm gear, and empties down the midfeather 
direct to mouthpiece. The emptying can be done by 
spout and pipe, or by a. chamber cast on the engine, down 
back or front side, as weil as through the midfeather ; 
but it is not advisable that it should be emptied down the 
midfeather if the rag engine is to be used as a beater. 

Bantley and Ja^son's Sag Engine. — This form of 
engine ia shown in Fig. 14. The trough is of east-iron, 
and made whole, and the engine can be obtained of any 




Fig. U. 



required dimensions. The trough is provided with a sand- 
well, cast-iron grate, and eock in front of the roll, and a 
sand-well, caet-iron grate, and brass valve on the back of , 
the midfeather, a brass let-off valve and a brass waste- 
water valve. The bottom of the trough is "dished," to 
prevent the stuff from lodging. There are two movable 
bridge trees, fitted with pedestals and brass steps, and 
wrought - iron lifting links and screws, worm - wheels, 
worms, cross -shaft and hand- wheel for simultaneously 
lifting the roll on both sides. The roll is covered by a 
polished pitch-pine cover. The drum-washer may have 
either iron or wooden ends, has strong copper brackets, 
and is covered with brass backing and covering wires, 
mounted on a wrougbt-iron shaft, and carried by cast- 
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iron stands, fitted with improved lifting' gear, drtviuy- 
wlieels, and pulley. 

When the engine is set in motion by the rovolvinff 
shaft or spindle, the combined action of the knives of the 
roll and bed-plate causes the rags, whicli circulate in the 
water, to be gradually cut into small fragments, and the 
operation is kept up until the rags are converted into what 
18 technically termed half-stuff. While this process is 
going on, fresh water is constantly supplied by a pipe at 
the end of the washing- engine ; and when it is found that 
nothing but clear water escapes fi'om the drum-washer, 
this is raised, and the spindle bearing the roll is lowered, so 
as to bring the respective knives closer together, to enable 
them to cut the reduced material utill finer- 

Draining, — When the material is suflSciently brohen, as 
it is termed, the engine is then emptied by means of its 
valves, and the contents run into large vats or drainers, 
furnished with perforated zinc floors, in which it is 
allowed to drain thoroughly ; and in order to remove the 
water more effectually, the pulp is afterwards pressed, 
either by an extractor or a centrifugal drainer, which 
dries it sufficiently for gaa-bleaching, or for treatment in 
the potcher or poacher. This is a larggr engine than the 
washer, and instead of the cylinder and bars, has a hollow 
drum which carries on its periphery a niimbcr of cast- 
iron paddles, which thoroughly agitate the pulp, and thus 
render it more 'susceptible of being freely and uniformly 
acted upon by the bleaching agent. The drum-washer of 
this engine should have a finer wire than is used for the 
breaker. 

Tarrance'a Srainer. — This machine, which has been 
extensivelv used, is manufuctured by Messrs. J, Bertram 
and Son, of Edinburgh, It consists of a perforated cylin- 
drical box, enclosed in a fixed case, which revolves at 
about two hundred and fifty revolutions per minute. The 
machine is capable of treating about 4 cwt. of pulp per 
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-Pieiiniinsry Treatmenf. — Pitkin g.^Wil lowing Esparto. —Boiling E»- 

Krto.. — Sindftb'a Esparto Boiler. ^Roeckner's Boiler. — SlaUary's 
ofleaa.— Carboneira Prooesa,— Washing Boiled Esparto. ^YoQtig'» 
ProoBBB.^BleaiChing the Esparto. 

Freliminaxy Treatment : Picking, — Esparto is im- 
ported in bales or trusses, tightly compressed by hydraulic 
prcssea, and bound with twisted bands of the same 
material, much in the same manner as hay, except that 
which cornea from Tripoli, "which is bound with iron 
bands. The bands being cut, the loosened material is 
then spread out ilpon tables, partly covered with iron, 
or *galvauised-iron, netting, to allow earthy matter or sand 
to pass through to a receptacle beneath. - Here it is care- 
fully picked by women and girls, who remove all roots, 
other kinds of grass, weeds, and heather. The material 
thus cleansed from impurities is transferred to the boiiing- 
room. This careful preliminary treatment has been 
found necessary, since pieces* of- root and other vegetable 
matters which may be present are liable to resist the action 
of the bleaching liqiJor to a greater extent than the grass 
itself, and therefore produce specks, or " sheave " as they 
are tenned at the mill, in the manufactured paper. 

At 8<ane mills, however, as at the Horton Kirby Mills 
of Messrs. Spalding and Hodge, at South Darenth, for 
example, the cleaning of esparto is admirably effected by 
means of a willow, or esparto-cleaner, constructed by 
Messrs. Masson, Scott, and Bertram, which entirely 
supersedes the system of hand-picking. Having recently 
visited the mill referred to, we were enabled, through the 
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courtesy of Mr. Sydney Spalding, to witnesa the action of 
this willow, which appeared to perform its functions with 

Srfect imiformity, and to clean the grass most effectually, 
le rationale of the operation of willowing esparto may 
be thus described : — 

Willowing Esparto. — A bale of the grass is unbound 
at a short distance from the machine, and the grass, 
which is in the form of small bandies or sheaves, tied 
with bands of the same material, is thrown by a woman 
on to a table or platform placed by the side of the 
willow, and a second woman, standing near the hopper 
of the machine, takes the bundles, a few at a time, and 
drops them into the hopper. The machine being in 
motion, in a few moments the grass, freed Jfrom its 
bonds and dirty matters, appears in a perfectly loose con- 
dition at "the wider end of the drum, and passes upward 
along a travelling- table to a room above, in the floor of 
which are th^ man-holes of a series of esparto boilers. 
During the passage of .the loosened fibre, women standing 
on steps or platforms at the sides of the travelling -table are 
enabled to examine the material, and to remove any objec- 
tionable matters that may be present. Beneath the drum 
of the machine is a pipe, through which the dust and 
dirty matters are drawn away by means of a fan. 

Boiling Sip urto. — In the boilmg-roomat the millref erred 
to is a series of vertical stationary boilei's, each about twenty 
feet high, and capable of holding about three tons of grass. 
The man-holes of these boilers pass through the floor of a 
room above, being nearly level with it, into which the 
cleaned esparto is conveyed, as described, by the travelling- 
table of the willowing machine. In this room is a series 
of compartments in which the willowed esparto is stored 
until required for boiling, when it is fed into the boilers 
by means of two-pronged forks provided for the purpose. 
The boiler being partially charged with caustic ley at 14° 
Twad., the esparto is introduced, and steam also, by which 
" e esparto becomes softened, and thus a larger quantity 
'" I fibre can be charged into the vessel. When the 
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full charge of ley and esparto have been ifitrodueed the 
head of the boiler ia securely fixed by nieans of its bolts, 
and steam then turned on until a jiressure of about 20 Iba. ■ 
to the square inch baa beea reached, which pressure is 
kept up for about three hours, when the steam, ia shut off 
and the blow-off tap opened. "When the steam is blolvn 




', the spent liquor is run off, and hot water then run 
info the boiler, steam again turned nji, and the boiling 
kept up for about twenty minutes to half an hour, at the 
end of which time the steadi is shut off and the blow-pipe 
opened. Aa sooii as the steam has blown ofl', the washing 
water ia run off' by the bottom pipe, and the gi-;i.'-s allowed 
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to drain as thorouffhly as possible, A door at the lower 
end of the boiler is then opened, and the grass emptied 
into trucks and conveyed to the waahing-engines. 

Sinclair's Esparto Boiler, — Another form of boiler, 
known as Sinclair's boiler, of tbe vertical cylindrical type, 
is shown in Figs. 15 and 16. It is constructed on what is 
termed the " vomiting " principle, but without the central 
vomiting-pipes generally used, and is fitted with one or 




more vomiting-pipes close to the gide, two diametrically 
opposite pipes being used by preference. Steam jet pipes, 
with upwardly-directed nozzles, are fitted into t£e vomit- 
ing-pipes at points a little above the bends, between the 
vertical and horizontal parts. The liquid or ley thrown 
up the vomiting-pipes by the action of the steam is. deli- 
vered from the upper ends of the pipes over a diaphragm 
or plate fixed neaf the top of the boiler, and the Oquid is 
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retained at a certain depth on the diaphragm by a number 
of small tabes fixed in it, and the liquid becomes well 
heated by the steam before overflowing down the tubes, 
which tubes also serve to distribute it uniformly over the 
fibrous materials in the boiler. A casing is formed at the 
bottom of the boiler, and in some cases extended more or <i 
less up the sides, and is supplied with steam, which should 
he superheated, or of high pressure. With thia arrange- 
ment the heat in the -boiler is. maintained without the 
excessive condeusatiou of steam and consequent dilution 
and weakening of the liquors which occurs in ordinary 
boilers. Figs. l5 and 16 are horizontal and vertical sec- 
tions of one form of this boiler. The boiler is made with ~ 
a vertical cylindrical shell, 1 ; with a flat top, 2 ; and flat 
bottom, 3 ; and there is an inner or second bottom, 4 ; the 
space between it and the bottom, 3, being for steam to 
assist in heating the contents of the boiler. At a little 
distance above the inner bottom, 4, there is the usual per- 
forated horizontal diaphragm, 5, down through which the 
liquid or ley drains from the fibre. Two diametrically 
opposite vertical vomiting-pipea, 6, are formed by the 
attachment of curved plates to the cylindrical shell, 1, and 
these vomiting- pipes, 6, have their upper ends above a 
horizontal diaphragm, 7, attached by stays to the boiler 
top, 2. This diaphragm is perforated, and short tubes, 8, • 
are fixed in the perforations so as to project upwards, by 
which arrangement the liquid, rising up the vomiting- ' 
pipes, 6, lies on the diaphragm to the depth of the tubes, 8, 
and overflows down through them all equally, so as to be 
uniformly distributed over the materials in the boiler. 
Steam jet nozzles, 9, are fitted in the lower parts of the 
vomiting-pipes, being supplied with steam by pipes, 10, 
fi'om one of which a branch, H, supplies steam to the 
double bottom, 3, 4. The steam jets cause the liquid \a 
be drawn from under the perforated diaphragm, 5, and 
thrown up the pipes, 6, whereby a constant circulation of 
the liquid through the iibre is maintained. The liquors . 
are drawn o£E by the pipe, 15. In another form of boiler 
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I Mr. Sinclair employs vomit-pipes formed of thin sfe'el 
I {dates riveted to opposito sides of the boiler, and the liquid 
I whioh drains through the perforated double bottom iu 
' forced upward through the vomit-pipea to the perforated 
plates above, through which it diatributea over the mate- 
rial itt fine jets. The boiler ia 'capable of holding from 
2 to 3 toha of esparto, and under a pressure of from 40 to 
50 lbs. the boiling occupies about two hours. 

Boeckner'a Boiler. — This boiler, of which an illustra- 
tion of two 
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Fig. 17. 

eively adopted by paper manufacturers. It will be noticed 
that the vomit-pipe a is placed outside. the boiler, and the 
Bteam enters at the cock b, forcing the liquor up the 
vomit-pipe A and distributing it over the esparto. A 
pipe c is used for heating the liquor by means of waste 
steam at the commencement of the operation. The graaa 
is fed into the boiler at the opening "n. At e E are gauges 
for showing the height of the liquor in the boiler, vvv 
are pipes for the supply of steam, strong ley, and water, 
and the door o is for the discharge of the boiled grass. 
Each boiler is capable of holding '^ tons of esparto, and 
the boiling ia completed in about two and a half hours, at 
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a preasure of from 35 to 40 Iba. per square inch. It is 
said that the boiler efiecta a saving both ia time and the 
. amount of soda used.. 

Kallary's Frocess. — By this process the inventor says 
that he obtaius the fibre in groater length, and gets rid of 
the gummy and resinous matters in a more economical 
way than by the present system. The materials used 
form a species of aoap, with which and with the addition 
of water, the esparto is boiled. To carry out his process, 
he places in a boiler a suitable quantity of water, to which 
caustic soda, or a ley of the required strength to suit the 
nature of the fibre, is added ; magnesite, or carbonate of " 
magnesia, in the pi-oportion of about 2 per cent, of the 
fibrous material, or a solution of sulphate of magnesia, is 
then added and mixed with the ley. He next adds " an 
improved saponaceous compoimd " to produce the required 
result, and when the boUing is completed,* the stuff is 
treated as ordinary stock, to be applied for paper-making 
or other uses. The proportions are aa follows : — 2 gallons 
of petroleum or its products, 1 gallon of mustard oil, 10 to 
1 5 lbs. of caustic soda, and 1 per cent, of boracic acid. 
These are placed in a copper and heated for 1 to 2 hours, 
imtil properly saponified. From 3 to 6 gallons of the 
" saponaceous compound " are added to the ley and mag- 
nesite, previously placed in the boiler with the fibre, and 
the boiMng is kept up for the usual length of time, when 
the fibre will be found " beautifully soft, and the greater 
portiori of the gum, silica, and resinous matters removed, 
or so softened as to be no hindrance to the perfect separa- 
tion of the fibres, whilst the strength, siUdness, and soft- 
ness are preserved in all their natural integrity." Con- 
sidering that caustic soda ley " of the required strsngth " 
forms an essential part of this process, we should, imagine 
that the auxiliaries mentioned would scarcely be necessary. 
Carbonell's FrooesB. — In this process, devised by M. 
Carbonell, of Paris, 200 lbs. of raw esparto are placed in a 
wooden vat furnished with a perforated steam-pipe, 20 lbs. 
of soda and 30 lbs. of quicklime being mixed with it : 
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the vat is then supplied with cold water until the espartti 
is completely covered. Stoam is then turned on, and the 
materials boiled for 4 hours. The spent liquor is then 
drained off, and the esparto submitted to hydraulic pres- 
sure. It is afterwards washed and broken in a rag engine, 
and in about 15 minutes is reduced to half-stuff. 20 lbs. 
of chloride of lime dissolved in water are then introduced, 
and the cylinder kept in motion as usual. In another 
vessel, lined with lead, \\ lb. of sulphuric acid is dissolved 
in 'A lbs. of water, and this gradually added to the pulp, 
which immediately assumes a reddish colour ; but in the 
course of about three quarters of an "hour it becomes 
■ perfectly white, when the pulp is ready for the paper- 
maker. 

'In the boiling of esparto, several important points have 
to be considered. The kind of esparto to be treated is the 
first consideration, since this grass differs materially in 
character in the different countries from which it is im- 
ported. Spanish esparto is considered the best for paper- 
making, as it is stronger in fibi'e and yields a whiter pulp 
than other varieties. Of the African espartos there are 
several varieties, which are known respectively as Oran, 
Tripoli, Sfax, Clabes, and Susa. Of these, the first-named 
(Algerian esparto) is held in highest estimation amongst 
paper-makers, since it more closely resembles Spanish 
esparto than the other varieties, though not so hard, and 
stm as the latter. These grasses usually have a length of 
about 10 to 12 inches. TripoK esparto has an entirely 
different growth, being sometimes as long as 2\ or 3 feet, 
and proportionately stouter, and is also softer than Oran 
esparto, which is not so bard as the Spanish variety. 
Tripoli esparto does not yield a strong paper by itself, but 
in conjunction with Oran esparto gives more favourable 
results. Sfax and Gabes espartos have a^ closer resem- 
blance to Oran than Tiipoli, but are not so strong as 
Oran, being green and spongy, and not so dry as the 
latter variety. Susa esparto of good quality is said to 
etjual Oran, but not to yield so high a percentage of Hbre. 
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The next important consideration is to determine the 
percentage of caustic alkali which should be used per 
hundredweight of the particular variety of esparto to be 
treated, and we cannot do better than, give the following 
proportions recommended by Mr. Dunbar. 

Fine Spanish . IS to !0 Itfl. of 70 per cent, caustic soda per cwt. 



Tripoli 



Mr. Dunbar says that the above figures " insure a firat- 
elass boil, with the steam pressure of 25 lbs. and not 
exceeding 30 lbs,", but are liable to alteration according 
to circumstances — such aa the form of boilera, quality of 
the water for boiling purposes, "and steam facilities, which 
ought at aU times to be steady and uniform to get the 
absolute regularity required." 

Respecting the strength of caustic ley used for boiling 
esparto, as indicated by Twaddell's hydrometer, this 
appears to range from 7° to 15°, some preferring to boil 
with stronger fiquora than others. The time occupied in 
boiling also varies at different miUs, and depends greatly 
upon the character of the boiler used. AVe are informed 
that a Sinclair boiler will turn out, on an average, three 
boils in twenty-four hours, including iilling, boiling, dis- 
' charging, &c., the boiling occupying about four hours for 
each batch of grass. 

The boiling being completed, the liquor is run off into 
tanks, to be afterwards treated for the recovery of the 
soda, and the esparto is then subjected to a second boiling 
with water only for about 20 minutes. The liquor from 
the second boiling is sometimes thrown away, even when 
the soda from the first liquor is recovered ; but a more 
economical method is to use this liquor, in lieu of water, 
. strengthened with soda for a first boiling; or to mix it 
with the first liquors aud evaporate the whole together. 
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The second boiling being finished, the steam is turned off, 
and water then run in and steam again turned on for a 
short time, and the water then run off and the esparto 
allowed to drain thoroughly. The boiled grass is then 
discharged into trucks which convey it to the washing 
engines. 

The liquor resulting from the boiling of esparto, which 
is of a dark brown colour, contains nearly all the soda 
originally used, but it, also contaiuR silicious, resinous, and 
other vegetable matters which it has dissolved out of the 
grass, the silica taking the form of silicate of eoda. The 
esparto liquor, which was formerly allowed to run to 
waste, polluting our rivers to a serious extent, is now 
treal«l by several ingenious methods for the recovery of 
the soda with considerable advantage alike to the manu- 
facturer and the public. The process consists essentially 
in boiling down the liquor to dryness, and incinerating 
the residue. During the process of incineration the car- 
bonaceous matter extracted from the grass is converted 
into carbonic acid, which,, combining with the soda, re- 
converts it into carbonate of soda, which is afterwards 
cauaticised with lime in the usual way, and the caustic 
soda thus obtained is again used in the boiling of esparto. 
Although one or other of the " recovery " processes is 
adopted at a good many of our paper-mill^ the recovery 
of tne soda is by no. means universal as yet, hut the time 
will doubtless soon arrive when the economical advan- 
tages of the process will be fully recognised. Indeed, we 
know it to be the fact that some manufacturers are 
watching, with keen iuterest, the progress of some of the 
newer systems of soda recovery, with the full intention 
eventually of adopting, one or other o_f them. 

Wailiing Boiled Esparto. — This operation is usually 
performed in engines similar to those used in washing 
rags, but in some mills the boiled grass ia washed in a 
series of tanks, so arranged that water flows in at one 
end of the series, thence passing in succession through 
each batch of grass in the other tanks, and finally issues 
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at the farthest end of the series ae a very concentrated 
liqaor. By this arrangement there is great economy of 
water, while at the same time no loss of fibre occurs. 
The concentrated washing liquors thus obtained may bo j 
evaporated, and the alkali recovered, which would be au 
undoubted saving, since those liquors obtained in the 
ordinary way by washiag in the boilers are geneially 
run off as waste. The engines used for washing esparto 
and converting it into half-stuff are generally of large 
size, and capable of treating a ton of boiled esparto. In 
this engine, however, there is no bed-plate, as the action 
of the roll alonw is siifficient to reduce the boiled and 
softened esparto to half-stuff. A drum-washer is also 
furnished to the engine, which carries ofE the dirty wash- 
ing water, while an equivalent proportion of clean water 
ia kept constantly running into the engine from an 
elbowed pipe at its end. In charging the washing-engine, 
it is first about three parts filled with water, when the 
washing cyhnder is lowered, and the esparto is then put 
in, care being taken not to introduce more of the material 
than will work freely luider the action of the roll ; if the 
mass be too stiff, portioqs of the material may be imper- 
fectly washed. While the washing ia in progress, the 
workman, anned with a wooden paddle, constantly stirs . 
the esparto, clearing it away from the sides of the engine, 
BO that none of the material may escape a perfect washing. 
At the bottom of the engine is a " sand-trap," covered 
with perforated zinc, through which any sand or other 
solid particles which may be present escape. When the 
washing is complete, the fresh water supply is shut off, 
and the drum-waaher allowed to run until enough water 
has been removed to make room for the bleaching liquor. 

Toung'B ProceBB. — By this process the boiled and 
strained esparto is passed through elastic covered rollers, 
BO adjusted as to spKt up and squeeze out the dissolved 
matters or liquid from the iibres, thus leaving them clean 
and open for the acress of the blenching liquor. 

Bleaching the EBpaxto. — It is usual to bleach esparto 
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in the waalimg engine, for wliiah purpose a tank of bleach- 
ing liquor of the required strength (about O'" T. for 
Spanish) is placed close to the engine, which is provided 

■ with a pipe leading to the engine ajid another pipe pi'o- 
ceeding from tho tank in which the bleaching liquor is 
stored. The'supply tank is furnished inside with a gauge, 
divided into inches — each inch representing so many 
gallons of liquor — by means of which tho workman is 

, enabled to regulate the quantity of bleaching liquor he is 
instructed by the manager or foreman to introduce into 
the engine. About half an hour after the bleach has 
become well incorporated with the tibre, sulphuric acid 
in the proportion of six ounces of the acid (which must be 
well diluted with water) to each hundredweight of the 
fibre. The dilute acid shoidd be added gradually, and 
the proportions given must not be exceeded. The bleach- 
ing being completed, the half-stuff is next treated in a 
machine termed the ^j'esse-^die,. which not only cleanses 
the material from sand and dirt, but also separates all 
knots and other imperfections from the fibre in u most 
efEectual and economical manner. Indeed, we were much 
struck with tho excellent working of this machine at 
Messrs, Spalding and Hodge's mill, at South DarcntL. 
and the remarkably fine quality of the finished pulp 
obtained through its agency. The prease-p&te was 
formerly used in the preparation of pulp from straw, but 
its advantages in the treatment of esparto are now f idly 
recognised. The apparatus and method of working it 
may be thus briefly described : — 

The machine is on the principle of the wet end of a 
paper machine, and consists of several stone chests for 
holding the bleached half-stuff, in which are fitted agita- 
tors to keep the stuff in suitable condition. From these 
chests the stuff is pumped into a mixing box, and from 
thence over a series of sand traps made of wood, and with 
sUps of wood fixed in the bottom, in which any sand 
present is retained. The stuff then passes into a series of 
strainers, which, while allowing the clean fibre to pass 
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through, retain all impurities, such as- knots, &c., and the 
clean stuff is alloT^ed to flow on to the wire-cloth in such a 
quantity as to form a thick web of pulp. A greater 
portion of the water escapes through the wire-cloth, but a 
further portion is removed by the passage of the pulp 
across two vacuum boxes, connected with four powerful* 
vacuum puinps, which renders the half ^stuff sufficiently 
dry to handle ; but to render it still more so, it now passes 
between couch rolls, and is either run into webs, or, as 
is sometimes the case, it is discharged into boxes, the 
web of pulp thus tiieated being about an inch in thick- 
ness. 




Chsmiosi ProcBsaea. — Watt and BurgBSs'B Proceae. — Sinclair's Ptocbbb,— 
Keegan's Prooesa. — American Wood Pulp S78tBm. — AuBsedat'a Pro- 
ress. — Acid Treatment of Wood. — Pictet and Brelaz's Process.— 
Baira and Blondel'H Procesa. — Poneharao'a Prooesa .^yonng and 
Pettigrsw'fl Process. — Fridet and Matnssi&re'a Process. 

The advantages of wood fibre as a paper material have 
been fully recognised in the United States and in many 
Continental countries, but more especially in Norway, 
Sweden, and G-erraany, from whence large quantities of 
wood pulp are imported into tLia country. There is no 
doubt that our home manufacturers have recently paid 
much attention to this material, and it is highly probable 
that wood, as an inexhaustible source of useful fibre, will 
at no distant date hold a foremost rank. Indeed, the very 
numerous processes which have been patented since the 
Watt process was first made known, indicate that from this 
unlimited source of fibre the requirements of the paper- 
maker may be to a large extent satisfied, provided, of 
course, that the processes for reducing the various suitable 
woods to the condition of pulp can be economically and 
satisfactorily effected. The great attention which this 
material has received at the hands of the experimentalist 
and chemist — the terms not being always synonymous — 
shows that the field is considered an important one, as in- 
deed it is, and if successfuEy explored will, it ia to be 
hoped, yield commensurate advantages both to inventors 
and the trade. 

The object of the numerous inventors who have devised 
s for the disintegration of wood fibre — that is, the 
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separation of cellulose from the intercellular matters in 
which the fibres are enveloped — has necessarily heen to 
dissolve out the latter without injury to the cellulose itself, 
hut it maybe said that as yet the object has not been fully 
attained hy either of the processes which have been intro- 
duced. To remove the cellular matter from the true fibre 
or cellulose, without degrading or sacrificing a portion of 
the latter, is by no moans easy of accomplishment when 
practised on an extensive scale, and many processes which 
present 'apparent advantages in one direction are often 
found to exhibit contrary results in another. The field, 
however, is still an open one, and human ingenuity may 
yet discover methods of separating wood fibre from its 
surrounding tissues in a stiU more perfect manner than 
hitherto, 

ITio vaiious processes for treating wood for the extraction 
of its fibre have been classified into: (1) chemical processes; 
and (2) mechanical processes. We will give precedence to 
the foiTOer in describing the various wood pulp processes, 
since the pulp produced by the latter, although extensii'ely 
used, is cluefly employed, in combination with other pulps, 
for common kinds of paper. In reference to this part of 
our subject Davis says : — " Experience has dictated certain 
improvements in some of the details of those earlier 
methods, by which so-called ' chemical wood pulp ' is 
manufactured very largely on the Continent of Europe. 
.... It is possible to obtain a pulp of good quality, suit- 
able for some classes of paper, by boiling the chipped wood 
in caustic soda, but when it ia desired to use the pulp so 
prepared for papers having a perfectly white colour it has 
been demonstrated in practice that the action of the caustic 
soda solution at the high temperature which is required 
develops results to a certain degree iu weakening and 
browning the fibres, and during the past five years much 
labour has been expended in the endeavour to overcome 
.the objections named. Ibe outcome of these efforts has 
been a number of patents, having for their object to pre- 
vent oxidation and subsequent weakening of the fibres." 
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In several of these ptttents, to wiich we shall refer here- 
after, bisulphite of lime is employed as the agent to pre- 
vent oxidation and consequent degradation of the tibrea, 
and in other processes bisulphite of magnesia has been 
used for the same purpose. Davis further remarks : 
"Although a common principle ruris through all these 
methods of preparing cellido.se from wood, they differ in 
detail, as in the construction of the digesters employed, 
methods of treating the wood 'stock before boiling it in 
the sulphurous acid solution, and also as regards pressure, 
blowing off the sulphurous acid gas, etc., but all these pro- 
cesses present a striking similarity to the method patented 
by Tilghmann in 1867." There can be no doubt that the 
action of caustic soda, under high pressures, is highly in- 
jurious both to the colour and strength of the fibres, and 
any process that will check this destructive action in & 
thoroughly practical way will effect an important desi- 
deratum. 

I. CliemicBl Processes : Tfatt and Burgess's Process. — 
This process, which, with some modifications, is extensively 
worked in America, consists in boiling wood shavings,-— 
or other similar vegetable matter, in caustic soda leJ^Tand 
then washing to remove the alkali ; the wood is next 
treated with chlorine gas, or on oxygeneous compound of 
chlorine, in a suitable vessel, and it is afterwards washed 
to free it from the hydrochloric acid formed. It is now 
treated with a small quantity of caustic soda in solution, 
which instantly converts it into pulp, which only requires 
to be washed and bleached, and beaten for an hour and a 
half in the beating engine, when the pulp is ready for the 
machine. The wood-paper pi-oceas as carried out in 
America hasbeen described by Hofmann, from whose work* 
we have abridged the following : — 

The wood, mostly poplar, is brought to the works in 
5-feet lengths. The hark having been stripped off by 
hand, it is cut into ^-inch slices by a cutter which consists 

■ '■ Prarfical Treatise on the Blanufactnre of Paptr." Ey Carl Hof- 
maim, Philadelphia, 1873. 
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■ of four steel knives, from 8 to 10 inches wide by 12 to 15 
inches long, which are fastened in a slightly inclined posi- 
tion to a solid cast-iron disc of about 5 to 7 feet diameter, 
which revolves at a high speed, chopping the wood — which 
is fed to the blades through a trough — into thin slices 
across the grain. The trough must be large enough to 
receive, the logs, usually 10 or 12 inches thick, and it is 
set at such an angle that the logs may slide down towards 
the revolving cutters ; this slanting, position only assists 
the movement of the logs, whde a piston, which is pro- 
pelled by a rack, piishes them steadily forward untQ tney 
are entirely cut up. The piston, or pusher, then returns to 
its original position, fresh wood is put into the trough, and 
the operation repeated. In this way many tons ot wood 
can be chopped up by one of these cutters in a day. The 
sliced wood is conveyed by trucks to an elevator by which 
it is hoisted up two storeys to a floor from which the boilers 
are filled. The boilers are upright cylinders, about 5 feet 
in diameter and 16 feet high, with semi-spherical ends, 
provided inside with straight perforated diaphragms, be- 
tween which the chips from .one cord of wood are confined. 
A solution of caustic soda, at 12° B., is introduced with 
the chips, dnd, fires are started in a furnace under- 
neath. At other works the boilers are heated by steam 
circulating through a jacket which covers the bottom and 
sides of the boiler. 

The boiling is continued for about six hours, when the 
digestion is complete, and the contents of the boilers are 
emptied with violence, under the pressure of at least 65 lbs. 
of steam, which had been maintained inside. A large slide 
valve is attached to the side of each boiler for this purpose 
close to the perforated diaphragm, and connected by a 
capacious pipe with a sheet-iron cylinder of about 12 feet 
- diameter and 10 feet high, which receives the contents— 

Eulp, liquor, and steam. The object of these large cham- 
ers — one of which serves for two boilers — is to break the 
force of the discharging mass. The steam passes through 
a pipe on the top of each, and from thence through a 
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water reservoir, while the liquid containing; the pulp flows 
through a aide opening and short pipe into movable boxes, 
or drainers, mounted on wheels, and each capable of hold- 
ing the contents of one boiler; these boxes are pushed 
along a tramway up to the colteotiug chambers, where the 
pulp is received. In a building 13^ feet long and 75 feet 
wide, ten digesting boilers are arranged in one straight 
line, and parallel with the boilers runs the main line of 
rails, side tracks extending from it to each of the chambers, 
and a turn-table is supplied at every junction. By this 
arrangement the drainer waggons can be pushed from the 
side tracks on to the main line, which leads to the washing- ' 
engijiea in an adjoining room, A system of drainage is 
established below the tramways, by which all the liquid 
which drains from the waggons is carried away and col- 
lected for treatment by evaporation ; these cariiers remain 
on the side tracks until the pulp is ready for the washing- 
engine. 

When the greater portion of the liquor has drained 
off, warm water is sprinkled over the pulp from a hose 
for the purpose of extracting all the liquid which is suffi- 
ciently concentrated to repay the coat of evaporation — 
the most advantageous method of recovering the* soda. 
The contents of the waggons — from the same number of 
boilers — are then placed in two washing- engines, each 
capable of holding 1,000 lbs, of pulp. After being suffi- 
ciently worked in these engines the pulp is transferred to 
two stuff-chests, and from thence conveyed by pumps to 
two wet-machines. The screens {sti'ainors) of the wet- 
machines retain aU impurities derived from knots, hark, 
and other sources, and the pulp, or half-stufE, obtained 
is perfectly clean and of a light grey colour. The pulp is 
bleached with solution of bleaching powder like rags, then 
emptied into drainers and allowed to remain therein with 
the liquid for twenty-four to forty-eight hours, or long 
enough to render the use of vitriol in the bleaching un- 
necessary. The portion of the white pulp which is to be 
worked up into paper in the adjoining mill ia taken from 
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American Wood-Pxilp SyBtem. — Another metkodof 
carrying out the wood-pulp process haa recently beea de- 
scribed by Mr. E. A. Coagdon, Ph.B.,* from which we 
extract the following : — "Poplar, piue, spruce, and ocoa- 
sionally birch, are used in the manufacture of chemical 
fibre. Pine and spruce give a longer and tougher fibre 
than poplar and birch, but are somewhat harder to treat, 
requiring more soda and bleach. Sticks of poplar, freed 
from bark, and cleansed from incrusiing matter and dirt, 
are reduced to chips hy a special machine having a heavy 
iron revolving disc set with knives, and are then blown by 
means of a Sturtevant blower into large stove chambers after 
passing over a set of sieves having 1^-inch for the coarse 
and l|-incli mesh for the fine sieves, from, whence they 
pass to the digesters, which are upright boilers 7 by 
27 feet, with a manhole at the top for charging the chips 
and liquor, and a blow-valve at the bottom tor the exit of 
the boiled wood. A steam-pipe enters at the bottom, be- 
neath a perforated diaphragm, and keeps the liquor in per- 
fect circulation during the boiling of the wood by means 
of a steam -ejector of special construction." 

Boiling. — ■The-averago charge of wood for each digester 
is 4"33 corda.f giving an average yield of 4,140 lbs. of 
finished fibre per digester. A charge of 3,400 gallons 
of caustic soda solution of 11° B. is given to each digester 
ohorged with chips, and the manhead is then placed 
in position and steam turned on. Charging the digester 
occupies from thirty to forty-five minutes, and steam 
ia intTOdnced until the gauge indicates a pressure of 
110 lbs., which occupies about three hours. This pree- 
Buro ia kept up for seven hours, when it is reduced by 
ttUowini^ tue steam to escape into a large iron tank which 
uct:* iw It separating chamber for the spent liquor it carries, ■ 
the flteam entering in at one end and passing out at the 
other thntugh a large pipe, the liqiior remaining in the 

* AiAiwJ u/jifiwi QvaHttly, a Joarnal ef Applied Scienct. Jan.. ISSSv 
i Tlid nin/ ia » plla contHining 128 cubiu feet, or n pile 8 I'obt luiig, 
i hat hitfh, kuJ 4 IM ItMi. 
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titnk. The steam is allowed to escape until the pressure 
is reduced to 45 lbs., when the digester is blown. The 
blow-cap being removed, the blow-valve is raised and the 
contents of the digester are discharged into a pan of "iron 
covered with a suitable hood. The contents strike against 
a daeh-plate placed midway in the pan, which thoroughly 
separates the fibres of the wood. The time occupied in the 
foregoing operations is from eleven to eleven and a half 
hours. It takes from nine to ten hours to free the pans 
from altali, when they are removed to washing-tankB with 
perforated metal bottoms, where the material receives a 
final washing before being bleached. 

Washing. — Each of the three digesters has a pan ihto 
which its contents are discharged, and there are also four 
iron tanks used for holding the liquors of various strengths 
obtained from the cleansing of the pulp and a fifth tank 
is kept as the separating-tank before mentioned. When 
the digester ia blown, the pulp is levelled down with a 
shovel, and the liquor from the separating-tank ia allowed 
to flow into it. The contents of the next strongest pan 
are pumped upon it, while'at the same time the strongest 
store taiik flows into this pan. This flowing from the tank 
to the pan, pumping from here to the pan just blown, and 
from there to the evaporators, is kept up until the liquor ^ '.1 
is not weaker than S^B. hot (130° F.). The second pan 
is now down to 4" B. hot, and the process of " pumping 
back " is commenced. The two weakest tanks are put 
upon this pan and pumped out of the bottom of it into the 
two tanks in which are kept the strongest liquors. The 
two weak tanks have been filled in the process of complet- 
ing the cleansing of the third pan (the weakest) on which 
water was pumped until the last weak tank stood at only 
J° B. This pan, now cleaned, is hosed and pumped over 
to the washing tanks. A fresh blow is now made in 
this pan, and the same treatment kept up as with tlie 
first pan. 

The foregoing system is thus illustrated by Mr. 
Congdon : — 
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Pan A.^ — ^Jnat blown. 
,, B. — Partly cleaned. 
„ C — AlmoBt elenned. 



„ <— r „ „ 

Saparatmg tank, strong^. 

A is levelled down ; contents of separating- tank allowed 
to flow upon it ; B is pimiped on to a ; at the same time 
liquor from the two stron;^ store tanks is put on it (b), and 
this continued to be sent from A to the evaporator until it 
is now weaker .than 4° B. hot ; the process of " pumping 
back " is then commenced. The two weakest are allowed 
in succession to flow ou to it, and the liquor purifled from 
the bottom of h into the two strong tanks, filling No. 1, 
the stronger, before No. 2. The weakest are filled in the 
process of completing the cleansing of c, on which water 
is pumped until the kst tank from it teats only \° B, cia 
now hosed and pumped over to the washing tanks. A 
fresh digester is blown in c, and the process repeated as 
with A. 

The above system has been modified by having an 
extra pan into which the liquor from the last pan blown 
(after sending to the evaporators until down to 6^ hot, and 
bringing down to 4' hot, Jjy the stored liquor) is pumped. 
When the strength is reduced to 4° the pumping is 
stopped. The liquor from this pan is put in the next pan 
blown, after the liquor from the separating- tank has been 
put upon it, whereby an economy in time is effected. 

The piilp, after being partially cleaned in the pans, 
still contains an appreciable quantity of soda. It is hosed 
over to the washing-tanks and receives a final washing 
Vith hot water. When the pulp is thoroughly free from 
alkali, and the water flowing from under the tank is 
colourless, the contents are hosed down by hot water into 
the blcaching-tanks. The superfluous water is removed 
by revolving washers, and about 1,000 gallons of a solu- 
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tion of chloride of lime at 4° B. are tlieu introduced, and 
the contents agitated as usual. The bleaching occupies 
I about six or seven hours, when the pulp is pumped into 
J draining tanks, where it ia left to drain down hard, the 
spent bleach flowing away. The stock is then hosed and 
pumped into a washing-tank, whero it acquires the proper 
I consistency for the machine. From here it is pumped iuto 
the stuff chest, whence it goes over a set of screens and on 
to the machine, from which the finished fibre is run off ou 
spindles- The roUs' are made of a convenient size to 
handle, averaging about 100 lbs. each. The fibre is dried 
on the machine by passing over a series of iron cylinders 
heated by steam. The finished product is a heavy white 
sheet, somewhat resembling blotting paper. The whole 
of the foregoing operations are stated to occupy forty-five 
hours. 

Anssedat's Frocesa. — By this method the wood is dis- 
integrated by the action of jets o£ vapour. In one end of 
a cylindrical high-pressure boiler, about 4J feet in diame- 
ter and 10 feet high, ia fixed a false bottom, whereby the 
wood placed upon it may be removed from the Kquor result- 
ing from steam condensed iu the chamber, the whole being 
mounted on lateral bearings which serve for the introduc- 
tion of the vapour, and the wood is fed through a manhole 
at the upper end of the boiler. Tapa are fixe4 at the 
upper and lower ends for the liquid and uncondensed 
vapour. The wood having been placed in the boiler, the 
jet ia gradually turned on in such a way that at the end of 
three or four hours the temperature becomes about 150" C, 
the pressure being about five atmospheres, which point ia 
maintained for an hour. As the slightest contact between 
the wood and the condensed water would at once discolour 
the former, it is essential that the liquid be removed from 
time to time by one of the outlets provided for the pur- 
pose. 

The treatment above described is said to be suitable for 
all kinds of wood, and although it is the usual practice to 
introduce it in logs about a yard long, any waste wood, as 
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chips, shavings, etc., may be used- It is preferable, though 
not necessary, to remove the bark, but all rotten wood 
may be left, as it becomes remoTed in the condensed water. 
The loge, after the above treatment, by which the fibre is 
disintegrated and the sap and all matters of a gummy or 
resinous nature are removed, are afterwards cut up by any 
suitable means into discs of about an inch, accoixliug to 
the nature of the fibre required. These are then intro- 
duced into a breaker, in which they become converted into 
haU-stuff, which, after being mixed with a suitable quan- 
tity of water is passed through mills provided with conical 
stones, in which it becomes reduced to 'whole-stuff. The 
pulp liius prepared is principally used in the maniLfacture 
of the best kinds of cardboard, but more particularly such 
as is used by artists, since its Hght brownish shade is said 
to improve the tone of the colours, BourdiUat says that 
in the above process the vapour has a chemical as well as 
a mechanical action, for in addition to the vapour travers- 
ing the cellular tissues of the wood and dissolving a con- 
siderable portion of the cell- constituents, acetic acid is 
liberated by the heat, which assists the vapoiir in its action 
on the internal substance of the wood. 

Acid Treatment of Wood. — A series of processes have 
been introduced from time to time, the object of which is 
to effect, the disintegration of wood fibre by the action of 
acids. The first of these "acid processes" was devised by 
Tilghmann in 1866, in which he employed a solution of 
sulphurous acid ; the process does not appear to have been 
sjiccessful, however, and was subsequently abandoned, the 
same inventor having found that certain acid sulpjaites 
could be used more advantageously. Other processes have 
since been introduced, in which wood is treated in a direct 
way by the action. of strong oxidising acids, as nitric and 
nitro-hydrochlorie acids, by which the intercellular matters 
of the wood become dissolved and the cellulose left in a 
fibrous condition. 

Fictet and Br^Iaz'a Froceas. — By this process wood is 
subjected to the action of a vacuum, and also to that of a 
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supersaturated solution of sulphurous acid at a tempera- 
ture not exceeding 212° F. In carrying out the process a 
solution of sulphurous acid is used, consisting of, say from 
-J to J lb. avoirdupois of sulphurous acid to each quart of 
water, and employed under a pressure of from three to aix 
atmospheres at 312° F. Under these conditions the 
cementing substances of the wood "retain their chemicul 
character without a trace of decomposition of a nature to 
show carbonisation, while the liquor completely permeates 
the wood and dissolves out all the cementing conetituentN 
that envelop the fibres." In carrying out the process 
practically, the wood is first cut into small pieces as usual 
and charged into a digester of such strength as will resist 
the necessary pressure, the interior of which must be lined 
with lead. Water is then admitted into the vessel and * 
ivfteiwarde sulphurous acid, from a suitable receiver in 
which it is stored in a liquid form until the proportion of 
acid has reached that before named, that is, from 100 te 150 
quarts of the aeid to 1,000 quarts of water. The volume 
of the bath wiU be determined by the absorbing capacity 
of the wood, and is preferably so regulated as not to mate- 
rially exceed that capacity. In practice it is preferable to 
form a partial' vacuum in the digester, by which the pores 
of the wood axe opened, when it will be in a condition to 
more readily absorb the solution and thereby accelerate the 
process of disintegration. When disintegration is effected, 
which generally occurs in from twelve to twenty-four 
hours, according to the nature of the wood under treat- 
ment, the liquor, which is usually not quite spent in one 
operation, is transferred to another digester, a sufficient 
quantity of water and acid being added to complete the 
charge. In order to remove the liquor absorbed by the 
wood, the latter is compressed, the digester being connec- 
ted with a gas-receiver, into which the free gas escapes and 
in which it is collected for use again in subsequent opera- 
tions. The bath is heated and Kept at a temperature of 
-from 177" to 194" F. by means of a coil in the digester 
supplied with steam from a suitable generator. The wood. 
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after disintegration, undergoes the usual treatment to cou- 
Tert it into paper pulp, and may thus be readily bleached 
by means of chloride of lime. The unaltered by-products 
contained in the bath may be recovered and treated for use 
iu the arts by well-known methods. 

Borre and Blondel's Ftocbbs consists in digesting the 
wood for twenty-four hours in 50 per cent, nitric acid, 
used cold, by which it is converted into a soft fibrous 
mass. This is next boiled for some hours in water and 
afterwards in a solution of carbonate of soda ; it is then 
bleached in the usual way. 

Fonchwrac's Frocesa. — In this process cold nitro-hydro- 
chloric acid (aqua regia) is employed for disintegrating 
wood in the proportions of 94 parts of the latter to 6 parts 
of nitric acid, the mixture being made in earthen vessels 
capable of holding 175 gallons. The wood is allowed to 
soak in the acid mixture for six to twelve hours. 132 lbs. 
of aqua regia are required for 220 lbs. of wood. When it 
is desired to operate with a hot liquid, 6 part-s of hydro- 
chloric acid, i parts of nitric acid, and 240 parts of water 
are used in granite tubs provided with a double bottom, 
and it is heated by steam for twelve hours and then 
washed and crushed. 

Tonng and Fettigrew's Froc«BS. — These inventors use 
either nitric or nitrous acids, and the acid fumes which 
are liberated are condensed and reconverted into nitric 
acid. 

FridetandMatnasiSre'sFrocess. — This process, which 
was patented in France in 1865, consists in treating wood 
with nitro-bydi'ochloric acid, for which purpose a mixture 
of 5 to 40 per cent, of nitric acid and 60 to 96 per cent, 
of hydrochloric acid is used, which destroys all the ligne- 
ous or intercellular matter without attacking the cellulose. 
After the wood (or straw) has been steeped in the acid 
mixture, the superfluity is drawn off, and the remaining 
solid portion is ground under vertically revolving mill- 
slones. The brownish- coloured pulp thus obtained is 
aftciTvards washed and bleached in the usual way. 
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It ia quite true that celluloee can be obtained from wood 
and other vegetable substaiices by treatment with nitric acid 
alone, or with a mixture of nitric and hydrochloric acids, 
but it win be readily seen that the employment of such 
large quantities of these acids as would be required to 
effect the object in view on a practical scale, would be 
fraught with incalculable difficultiea, amongst which muy 
be mentioned the insuperable difficulty of obtaining ves- 
sels that would resist the powerful corrosive action of the 
acids. Moreover, since nitric acid forms with cellulose an 
explosive substance {xyloidin) of the gun cotton series, the 
risk involved in the drying of the cellulose obtained would 
be quite sufficient to forbid the use of processes of this 
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Sulphite Proceaaes.— FrBDcke's Prw^a. — Ekroan'B Proceaa.— Dr. Mil- 
Bcberlich's PrueesB.— Hitter and Kellner's Boiler. — Partington'a Pro- 
cesa.— Blitz's Proceaa. — McDougall'a Boiler for Acid ftoccases. — 
Graham's ProeeaB — Objcctiona to the Acid or Siilphite Procoaaea.— 
Snlphita Fibro Bod Kesin. — Adamaon's Process. — Sulphide Pro- 
ceaaea. — Mechanicai ProoeBEes.— Voelter's Proceas. — Thune'fl Proceaa. 

Snlphita Frocessea. — An important and succeBsful 
method of treating wood has been found in employing 
suiphnrous acid, combined in certain proportions with 
soda, lime, or magnesia, whereby a bisulphite of the alka- 
line or earthy base ia obtained. One of the principal 
attributes of these agents is that in boiling wood at high 
pressures oxidation and consequent browning of the fibres 
ia prevented. Of these sulphite, or more properly bisul- 
phite, processes, several of those referred to below have 
been very extensively adopted, and vast quantities of so- 
called " sulphite pulp " are imported into this country 
from Norway, Germany, Scandinavia, &c., the product 
from the latter source being considered specially suited 
for the English market. Some of these processes are also 
being worked in this country, but more particularly those 
of Partington, McDougall, and Ekman. 

Francke'a Procesa.— In this process, which is known 
as the " bisulphite process," the active agent employed for 
the disintegration of wood is an acid sulphite of an alkaline 
or earthy base, as soda or potassa, lime, &c., but it is 
scarcely necessary to say that the process has since 
been modified by others. The invention is applicable 
to the treatment of wood, esparto, straw, etc., and may 
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be thus briefly described : — A solvent is first prepared, 
which ia an acid sulphite of an alkali or earth, that ia, a 
solution of such sulphite with an excess of sulphurous acid. 
As the cheapest and most accessible base the ioyentor 
prefers lime. It has long been known that a solution of 
sulphite of lime, combined with free sulphurous acid, 
would, at a high temperature, dissolve the intercellular 
portions of vegetable fibres, leaving the fibres in a suitable 
condition for paper manuiactiire ; but Mr. Francke claims 
to have determined the conditions under which this can 
be effected with rapidity, and in such a way as .to preserve 
the strength of the fibres, and to have obtained a practical 
method of preparing pulp by his process. For his purpose 
he employs a moderately strong solution of the solvent at 
a high temperature, with gentle but constant agitation. 
The acid sulphite, is produced by this process at small coat 
and at a femperature nearly high enough for use in the 
following way : — A tower or column is diarged with frag- 
ments of limestone, which are kept wetted with a shower 
of water ; fumes of sulphurous acid, produced by burning 
sulphur, or by roasting pyrites, etc., are then passed through 
the tower. The liquid wjiich collects at the bottom of the 
tower is the desired solvent, which ahoidd have a strength 
of 4° to 5° B. It is not essential that the limestone should 
be pure, as magnesian limestone, etc., will answer equally 
well. The soluble alkalies, as soda and potassa, may also 
be naed when their greater cost is not an objection. But 
for these alkalies the treatment is modified, aa follows : — 
The tower is charged with inert porous material, such as 
coke, bricks, etc., and these are kept wetted by a shower 
of caustic alkali at V to ^° B., while the sulphurous acid 
fumes are passed through the tower. In like manner car- 
bonate of soda or potassa may be used, but in this case the 
solution showered on the porous material should be stronger i 

than that of the caustic alkali, so that it may contain ap- 1 

proximately the same amoilnt of real alkali. Whichever 
alkaline base be employed, the liquid collected at the hot ^ 

torn of the tower should have a strength of 4° to 5° B 
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thiB being the acid siilphit9 of the base is used as the sol- 
vent employed for tho manufacture of pulp. When wood 
is t6 be treated, it is freed as much as possible from resin- 
ous knots by boring and cutting them out, and is then 
cut — ^by preference obliquely — into chips of a ^ to f of an 
inch thick. Esparto, straw, and analogous fibres are cut 
into fragments. The fibrous material and solvent are 
charged into a digester heated by steam at a pressure of 
four or five atmospheres, and consequently capable of rais- 
ing the temperature of the contents to about 300° F. 
As agitation greatly promotes the pulping of the materials, 
Mr. Francke employe a revolving cylindrical boiler, which 
ia allowed to revolve while the charge is under treatment. 
Ekman'B Process. — In this process, which in some 
respects bears a resemblance to the preceding, native car- 
bonate of magnesia (magnesito) is first calcined to convert 
it into magnesia ; it is then placed in towers lined with 
lead, and anlphurous acid gas, obtained by the burning of 
sulphur in suitable furnaces, is passed through the mass, 
a stream of water being allowed to trickle down from the 
top of the towers. The supply of gas is so regulated that 
a continual formation of a solution of bisulphite of mag- 
nesium, of an uniform strength, is obtained ; great care, 
however, ia necessary to avoid excess and consequent loss 
of sulphurous acid by its conversion into sulphuric acid. 
In boiling, the fragments of wood, previously crushed by 
heavy roUera, are placed in a Jacketed, lead-lined, cylin- 
drical boiler, suspended on trunnions, so that it can bo 
inverted to remove the charge. The pressure in the outer 
jacket is 70 lbs. per square inch, and that within the 
boiler is 90 lbs. per square inch. The boiling occupies 
twelve hours. This process has been extensively worked 
by the Bergvik and Ala Company, of Sweden, for many 
years with great success, and we understand that the com- 
pany has been turned ovfer to an English company — the 
Bergvik Company, Limited. The Ilford MiE and North- 
fleet Works have been largely supplied with sulphite pulp 
from the Swedish works. 
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One great drawback to the bisulphite processes is that the 
boiling cannot be effected in iron boilers unless tbene be 
lined with some material which will protect the iron from 
the destructive action of the bisulphite, which, being an 
acid salt, would exert more action upon the iron than upon 
the fibre itself, and the solution of iron thus formed would 
inevitably prove injuxious to the colour of the fibre. In 
several of the systems adopted iron boilers lined with lead 
have been used, but the heavy cost of this material and 
its liability to expand unequally with the iron, especially 
at the high temperatures which the solvent necessarily 
attains under pressure, causes the lead to separate from 
the iron, while it is apt to bulge out in places, and thus 
becomes liable to crack and allow the acid liquor to tiiid 
its way to the interior of the iron boiler which it was 
destined to protect. To overcome this objection to the 
simple lead lining. Dr. Mitscherlich patented a process 
which has been extensively adopted in Germany, and is 
now being carried out by several companies in different 
parts of America. This process is briefly described below. 

Dr. Mitsclierlicli'a Process,— The digester employed 
in this proccHB is lined with thin sheet lead, which is 
cemented to the inner surface of the boiler by a cement 
composed of common tar and pitch, and the lead lining is 
then faced with glazed porcelain bricks. In this process a 
weaker bisulphite of lime is used than in Francke's, and 
the time of boiling is consequently considerably prolonged. 

Bdtter and E«Uner have proposed to unite the inner 
surface of the boiler to its lead lining by interposing a 
soft metal alloy, fusible at a temperature lower than that 
of either metal, and it is claimed that the iron and lead 
are thus securely united, while the alloy being fusible 
under the normal working temperature of the digester, 
the lend lining can sHde freely on a boiler shell. 

FartinEtou's Process. — ^This process, which has been 
for some time jit work at Barrow, and for the further de- 
velopment of which a private company, entitled the Hull 
Chemical Wood Pulp Company, Limited, has been formed. 
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9 in tlie employment of sulpiite of lime as the dis- 
inteerating agent. The process consists in passing gaseous 
sulphurous acid — formed by burning sulphur in a retort, 
into ■which is forced a current of air at a pressure of 5 lbs. 
to the square inch — through a aeries of three vessels, con- 
nected by pipes, the vessels being charged with milk of 
lime. The first twi) of these vessels are closed air-tight, 
and the gas ia then introduced, while the third vessel 
remains open ; from this latter a continuous stream of 
nitrogen escapes, due to the removal of the oxygen by the 
burning sulphur from the air passed into the retort. This 
process ia said to be a very economical one, so far as 
relates to the cost of materials used. 

Blitz's Frocess, — This process consists of employing a 
misture composed of bisulphite of soda 2 parts, caustic 
soda 1 part ; and vanadate of ammonia 1 gramme, in hy- 
drochloric acid 4 grammes to every 6 tilogranunes of the 
bisulphite. Tho wood, after being cut up in the ordinary 
way, is submitted to the action of the above mixture, 
under a pressure of three or four atmospheres, for from 
four to eight hours, and the pulp is then ground ; it ia said 
to possess some of the quaUties of rag pulp and to look 
much like it. 

McDomgall's Boiler for Acid FroceBsea. — This in- 
vention is intended to obviate the difficulties which arise 
in using lead-lined boilers, owing to the unequal expansion 
and contraction of the load and the iron on their being 
alternately heated by steam and cooled, on the discharge 
of each successive butch of pulp. This invention consists 
in constructing the boilers with an intermediate packing 
of felt, or other compressible and elastic material, ao that 
when the interior leaden vessel is heated, and thereby 
enlarged and pressed outwards by the steam, the com- 
pressible and elastic packing yields to the pressure and 
expansion. Also in the cooling of the vessels the packing 
responds to the contraction, and approximates to its origi- 
nal bulk and pressure between the two vessels, and so 
prevents the rupture or tearing of the lead and consequent 



leakage and other inconveniences. Another part of this 
invention conBists in the construction of the outer iron or 
steel vessel in flanged sections, which are fitted to incase 
the interior leaden vessel with a space between the two 
vessels, into which the compresaible and elastic materials 
are packed. In the construction of these vessels the iron 
or ateel flanged sections are placed on to the leaden vessel 
and packed with the compressible and elastic lining in 
succession. As each section is packed it is screwed close 
up to the adjoining section by the screw bolts, fitted into 
corresponding holes in the flanges of the contiguous sec- 
tion until completed. This method of construction secures 
economy by the retention of the heat, which is effected by 
the packing between the two vessels. The materials used 
for the packing are caoutchouc, felt, flocks, asbestos, etc., 
and B space of about two inches between the vessels is pre- 
ferred, into which the packing ia filled. 

Grahau's Frooess. — This process consists in boiling 
fibrous substances, in a solution of sulphurous acid, or a 
sulphite or bisulphite of soda, potash, magnesia, or lime, 
or other suitable base and water. The boihng ia preferable 
conducted in a closed boiler, lined with lead, to protect it 
from the action of the chemical substances used, and is 
fitted with a valve which can be opened to allow the gases 
and volatile hydrocarbons contained in and around the 
fibres to escape. The method of carrying out the process 
has been thus described : — " In carrying out the process 
there is a constant loss of sulphurous acid gas going on, 
and consequently a continual weakening of the solution 
employed, to avoid which it is preferable to employ mono- 
sulphite of potash, soda, magnesia, lime, or other suitable 
base, and water. Either of these substances, or a suitable 
combination of them, and water are placed in the boiler 
with the fibrous substances to be treated, and the tempera- 
ture raised to the boiling point. After the hydrocarbons, 
air, and gases natural to the fibrous substances have been 
driven out by the heat and allowed fo escape, sulphurous . 
auid, in its gaseous or liquid state, or in combination vrith 
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either of the bases referred to, is pumped or injected into 
the Itoiler. There is thus forming in the closed boiler ii 
solution containing an excess of sulphurous acid above that 
required to form, in combination with the base, a mono- 
sulphite. The opBratiou of injecting sulphurous acids, or 
the sulphites, may be repeated from time to time during 
the boiling, so as to fully maintain, and if necessary in- 
crease, the atrengib and efficiency of the chemical solu- 
tion. It is said that by this process a saving of the 
chemicals employed is effected, as little or no siJphurous 
acid gas is lost during the time the gaseous hydrocarbons, 
air, and other gaseous matters are being expelled from 
the fibrous materials. If an open vessel is used instead 
of a closed boiler, it will be necessary to keep the solu- 
tion at a fairly uniform strength, and if necessary to 
increase the strength, but the result will be substan- 
tially the same ; but as it is evident that, when using an 
open boiler, the excess of sulphurous acid supplied during 
the boiling will be constantly driven ofE as gas, it must be 
replaced by further injections, while the acid fumes may 
be conveyed away and condensed, so as to be available for 
further use. When the fibrous substances are boiled aa 
above, with the addition of potash, soda, etc., during the 
boiling, the result will be equally beneficial, ■ The inventor 
prefers to inject the sulphui'ous acid or ita combinations 
into the boiler at the bottom, and to cause it to come in 
contact with the solution therein before reaching the 
fibrous niaterials. For this purpose there is formed a kind 
of chamber beneath the boiler, but separated from it by a 
perforated disc or diaphragm of lead or other suitable 
material not acted upon by the solution, so as to allow the 
latter to fill the chamber, to which is connected a pipe, 
through which the sulphurous acid or solutions of the sul- 
phites is forced by any suitable apparatus. 

Ottjsctions to tlie Acid or Bisulpliite Proceaaea. — 
While the various methods of boiling wood in caustic 
Boda at high temperatures are well known to be open to 
serious objections, the acid treatment of wood also jjrDscuis 



many disadvantages, which it le to be hoped may be yet 
overcome. In reference to this, l)avia makeB the follow- 
ing observations ;— " In the aeid treatment of wood for the 
purpose of converting the fibi'es into pulp for use in 
paper manufacture, the general practice has been to use 
alkaline solutions of soda, combined in various proportions 
with certain acids, such, for instance, as sulphurous acid, 
hydrochloric acid, etc. These solutions have been heated 
in digesting vessels, and the high temperature resulting 
from this process of heating developing a pressure of 
from six to seven atmospheres, the wood bein» disin- 
tegrated by the action of the boiling solutions, the gum, 
resinous constituents, and other incrustating or cementing 
substances that hind the fibres together are decomposed, 
destroyed, or dissolved, while pure cellulose, which con- 
stitates the essential element of the ligneous fibres, is 
separated therefrom. To this end high temperatures had 
to be employed, otherwise the disintegration was foimd 
to be only partial, the wood remaining in a condition 
unfit for further treatment. The high temperature not 
unfrequently converts a large proportion of the resinous 
and gummy constituents of the wood into tar and pitch — 
that is to say, carbonaceous bodies that penetrate into the 
fibre and render its bleaching difBcuft, laborious, and 
costly, while the frequent washing and Kxiviation neces- 
sary to bleach such products seriously affect the strength of ■ 
the fibre and its whiteness, and also materially reduce the 
percentage of the product, in some instances to the extent 
of 18 per cent. These difficulties and detrimental results 
materially enhance the cost of production, while the fibre 
it«elf suffers considerably in strength from the repeattid 
action of the chloride oi' lime. . . . The difficulties are 
chiefly duo to the carbonisation of certain constituent 
parts of the fibres under temperatures exceeding 212° 
F., such carbonised matters being insoluble and in- 
capable of being bleached, and as they permeate the fibre, 
cannot be entirely removed. 

"To overcome these difficulties, the wood should be 
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iroduct would be recovered, which, merely requires to be 
dissolved out for further use. There are, however, several 
important objections to the use of sulphides in this way, 
amongst which may be mentioned the deleterious vapours 
wtich they emit ; and this alone would doubtless prevent 
tht'ir employment — at all events in this country. 

II. Mechanical Processes. — Besides the various chemi< 
cal methods of separating cellulose from woody fibres, 
before described, certain processes have been devised for 
reducing wood to the condition of pulp directly by mecha- 
nical means without the aid of any chemical substance 
whatsoever. In this direction Heinrich Voelter, of Wur- 
temburg, appears te have been the first to introduce a 
really practical process for the conversion of wood into 
pulp for paper-making, although, as far back as 1750, Dr. 
Schaeifer, of Bavaria, proposed to make paper from saw- 
dust and shavings mechanically formed into pulp : the pro- 
cess was not successful, however, with the machinery 
then at his command. 

Vaelter'a Frooess for Fzeparing Mechanical Wood 
Pulp. — In 1860-65 and 1873 Voelter obtained patents 
in this country for his methods of treating wood mecha- 
nically, and the process may be thus briefly described : — 
Blocks of wood, after the knots have been cut out by 
suitable tools, are pressed against a revolving grindstone, 
which reduces the material to a more or less fine condi- 
tion, but not in a powdery form, and the disintegrated 
fibre is caused to press against a wire screen, which allows 
the finer particles to pass through, retaining the coarser 
particles for further treatment. 

The apparatus employed, which is shown in Fig. 
17a, consists of a pulping apparatus a, with vat k, in 
which the revolving stone s is placed ; the blocks of 
wood are held against the stone at pp, and water is 
introduced at o, and the revolving stone carries the 
pulp against the screen E, which admits the passage 
of the finer particles of the wood, while the coarser 
particles are led by the trough f to the first refining 
cpliader », after passing through an oscillating basket, 
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which retains the coarser particles. From thcnoe it is led 
through a distributing apparatus and hopper c, to be uni- 
t'ormly supplied to the refining cylinder d, these cylinders 
being of the ordinary construction, and, aa usual, covered 
with fine gauze wire sieves. The ground material which 
fails to pass through the sieves is* transferred by an elevator 
to the mill stones h, which are of ordinary construction, 
and after leaving these unites with the finer fibres which 
pass through e, the whole now entering a mixing reservoir 
F, whence it is thrown on to the cylinder h, and the pulp 
which passes into this is distributed on to a similar cylinder 
H, the contents of which then passes through the last 
cylinder i, which is differently constructed to the others, 
inasmuch as its lower part is surrounded by an imper- 
vious leather jacket, so that the pulp ascends in order to 
enter it. The disiutegrated fibres that are retained by the 
wires of the cylinders pass into the refiners, which .con- 
sist of a pair of horizontal cylinders of sandstone, one of 
which (the upper one) only revolves, and by the action of 
these the coarser fibres become further reduced, the finer 
particles, as before, passing through the wire gauze of the 
cylinders, the operation being repeated in the same order 
until the whole of the fibres have passed through the sieves. 
Thnne'B FrocesB — Mr. A. L. Thune, of Christiana, 
U.S.A., hits recently patented an apparatus for disinte- 
grating wood, which consists of a grindiug apparatus 
connected to a turbine. In this arrangement the grind- 
stone, fixed on a shaft, is worked by a turbine, and the 
wood, which is used in small blocks, is pressed against 
the stone by means of a series of hydraulic presses. 
The fine pulp is afterwards made into thick sheets by 
means of a board-machine, the pulp, mixed with water, 
passing down a shoot into a vat beneath, in which is a 
revolving cylinder covered with wire-cloth, which in its 
revolution carries with it a certain quantity of pulp in a 
continuous sheet ; this is taken on to an endless travelling 
belt by means of a email couch-roll, and passes on to a 
fmir of rolls, round the upper one of which the sheet be- 
comes wound, and is removed when sufficiently thick. 




Treatment of Straw. — Bentley and Jackson's Boili 

Straw.— B^rtn.mB' Edt-B-nmuer.— M. A. C. Mellipr's Pnicesa.— 
Manilltt, Jute, etc. — WhsIb Paper. ^Builing Waste Paper. — Ryim'B 
Proceaa for realing Waste Paper. 

Treatment of Straw. — Asa paper-making material, the 
employ ment of straw ie of very early date, a patent for 
producing paper from straw having been taken out by 
Matthias Koops as far back as 1801. The material, how- 
ever, was uaed in its unbleached state, and formed a verv' 
ugly paper. White paper was not obtained from straw 
until 1841, but no really practical method of treating this 
material was devised until about ten years later, in France, 
when MM. Coupler and Mellier introduced a process 
which, with subsequent modifications, has been exten- 
sively adopted. A great advance in the manufacture of 
paper from straw has since been effected by the introduc- 
tion of various boilers, specially constructed for boiling 
the material at high pressures, and for keeping the alka- 
line liquors freely circulated amongst the fibre duiing the 
progress of the boiling. These boilers are of different 
forms — being either cylindrical or spherical — and are pre- 
ferably of the revolving type, which causes the caustic ley 
employed in the boiKng to become uniformly mize<I 
with the fibre. Sometimes the vomiting boilers described 
elaowhcre are used by paper-makers in preference to those 
referred to. 

Beutler and Jackson's Boiler. — This boiler, a repre- 
sentation of which is shown in Fig. 18, is 7 feet in 
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diameter, 18 feet long on the cyUndrical surface, with 
hemispherical ends of Martin- Siemens steel plate j'j int-h 
thick in the shell, and \ inch thick in the ends. It is 
double riveted in the longitudinal seams, has two man- 
holes 3x2, forged out of solid steel plate. Inside are 
twu perforated lifting plates or shelves, each 1 foot wide, 
J- inch thick, the full length of the shell, and secured to 
the ends by strong angle-irons ; it is supported on two 
turned caat-irou trunnions. These boilers are tested by 
hydraulic pressure to 120 lbs. per square inch. 

The varieties of straw generally used for paper-maldng 
in this country are wheat and oats, though rye and barley 
straws are also used, but in a lesser degree. The treat- 




ment of straw differs greatly at different mills, some 
makers using strong liquors and boiling at a lower pres- 
sure, while others prefer to use less caustic soda and boil 
at a higher pressure. There can be little doubt, however, 
that the high temperatures resulting from boiling at very 
high steam pressure must deteriorate the fibre consider- 
, ably, causing subsequent loss of fibre in the processes of 
washing and bleaching. 

BoUuig the Straw. — The straw is iirst cut into short 
lenpths of one or two inches by means of a chaff-cutter, 
or by a machine similar to a rag-cutter, and the cut 
material is then driven by an air-blast through a wooden 
lube into a- chamber having coarse wire-gauze sides : a 




Si TREATMENT OF VARIOUS FIBRES. 

second chamber surroimds tliia, in wliicii the dost from 
the atraw collects as it passes through the wire gauze. 
The winnowed straw, freed from dust and dirt, is then 
conveyed in sacks to the boilers. In charging the boilers, 
11 certain quantity of ley is first introduced, and steam 
also, and the cut straw then added, which soon becomes 
noftoned, and sinks to the bottom of the boiler, when 
further quantities of the material are added, until the full 
charge has been given. The requisite proportion of ley 
and water is then run in and the head of the boiler secured 
in its place. Steam is now turned on, until a pressure of 
20 to 40 lbs., or even more, has been reached, when the 
bailing is kept up for 3^ to 8 hours, according to the 
pressure used and the strength of the alkaline liquor, 
which varies from 9° to 16^ Tw. From 10 to 20 lbs. 
of caustic soda per cwt. of straw are generally required 
to boil the material thoroughly. The boiling being 
complete, steam is turned off, and when the boiler has 
somewhat cooled, the material, which ia in the form of 
a pulp, ia discharged by the pipes beneath into a large 
tank or strainer, the bottom of which is fitted with 
a series of plates having long narrow openings or slits, 
through which the liquor drains. The pulp is then 
washed with water, and again allowed to drain thoroughly, 
after which it is dug out and transferred to the potcher to 
he again washed and bleached. At some mills the straw 
is boiled whole and not subjected to any preliminary cut- 
ting, In such cases the boiled straw, not being so fully 
pulped as when cut into short lengths, is emptied from 
the boiler through the manholes used for charging the 
material into the boiler, 

Bertrama' Edge-zunner. — For the purpose of crush- 
ing the knots of the straw, and other hard particles de- 
rived from weeds, etc., a machine termed the "koUer- 
gang " or " edge-runner " is sometimes employed. This 
machine, which is manufactured by Bertrams, Limited, 
and of which an illustration is given in Fig. 19, con- 
sists of two large millstones, mudo from haixl red 
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granite, tlie surfai^eB of which are aometimea grooved 
with V-shaped equidistant grooves. These stonea are 
worked by a horizontal spindle, and are caused to re- 
volve very rapidly in an iron basin, in which the washed 
j»idp is placed, and by this meana the knots and harder 




portions of the fibre not fully acted upon by the caustic 
alkali, become bo reduced as to he more readily aJDCCSsible 
to the action of the bleach, and thus a very superior 
straw pulp is produced. In using this machine in the 
way indicated, the waalied pulp ia mixed in a chest pro- 
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ided with agitators, with water, is then pumped into a 
second chest above it, from whence it flows into the baain 
shown in the engraving, while the atones are revolving. 

A. C. Mellier's Process. — By this method the straw 
is hrat cut into email lengths as usual ; it is then steeped 
for a few hours in hot water, and afterwards placed by 
preference in a jacketed boUer, the object being to heat 
the materials without weakening the ley by the direct 
introduction of steam into the body of the material. The 
•boiler is to be heated to a pressure of 70 lbs. to the square 
inch, or to B temperature 'of about 310° F., by which 
means, it is said, a considerable saving of alkaH is efEect-ed, 
us also time and fuel, as compared with the ordinary prac- 
tice of boiling. The alkaline ley which M. MeRier prefers 
to use is from 3° to b° L., or of the' specific graviti.- of 
from I'OIS to I'flSO, and in the proportion of about 70 
gallons of such solution to each cwt. of straw. The boiler 
should revolve very slowly, making about 1 or 2 revo- 
lutions per minute. The boiling occupies about 3 hoiu^, 
at the pressure named, when the steam is turned off and 
cold water passed through the jacket of the boiler, which 
assists in cooling the pulp, the water thus used being 
afterwards employed in washing the pulp. The pulp is 
then thoroughly washed until the last water rims off quite 
clear, when it is next steeped for about an hour in hot 
water acidulated with sulphuric acid, in the proportion of 
about 2 per cent, of the weight of the fibre. The pulp is 
then washed with cold water, when it is ready for bleach- 
ing in the usual way. 

Manilla, Jnte, etc. — Previous to boiling these fibres it 
is usual to cut thorn into short pieces by a machine such 
as is used for cutting straw, after which they are cleaned 
in a willowing and dusting machine. The boiling is then 
conducted in the same way as for esparto. Manilla fibre 
is not so much used in this country as in the United 
States, where its employment foi-ms an important feature 
in the manufacture of certain kinds of paper. Some idea 
of the extent to which it is used by the paper-makers of 



America may be gleaoed from the EoUowing statement of 
Mr. Wyatt: — " Another large and important branch of 
the Am,erican paper trade are the mills running on news 
and Manilla paper. Many of these mills turn out a vast 
quantity of paper, running up to two hundred tons per 
week, besides making their own ground wood pulp. 
The American news ia composed mainly of ground wood 
pulp, with an admixture of about 15 to 25 per cent. 
of sulphite wood or jute fibre, and not much loading. 
and the machines are run at high speed. What is termed 
Manilla paper is very largely used in the States, and much 
more bo than with us for common writings, envelopes, and 
wrapping papers. The paper is composed of Manilla, 
jute fibre, old papers, etc., and ia highly finished at the 
machine. I was told of one mill belonging to a large 
company running altogether six mills on news and 
Manilla, turning out, with one 96-inch machine and beater 
capacity of 1,800 lbs., and one Jordan, 10 to 12 tons of 
2,000 lbs., of Manilla paper per day at an average speed 
of 200 feet per minute." 

Jute is seldom reduced to the condition of a fine white 
pulp since the treatment necessary to obtain that condi- 
tion would result in a weak fibre ; it is usual, therefore, 
to only partially reduce the material, when a strong fibre 
is obtained, which, lacking in whiteness, is used for coarse 
papers. This also applies to Adamsonia, or Baobab, 
another description of bast obtained from the West Coast 
of Africa, These fibres are chiefly used for papers which 
require strength rather than whiteness of colour, such as 
wrapping papers, &c. 

"Broke" paper is a term appKed to paper which has 
been imperfectly formed on the paper machine or damaged 
while passing over the drying cylinders. Imperfect sheet.s 
when they are not sold as relree, and clean waste paper, 
also come under this designation and are re-converted 
into pulp after undergoing the treatment described below. 
V&vte Paper.— In treating waste paper for conversion 
into pulp for paper-making, it is doubtless advisable to 
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separate, aefar as can be done economically, papers, which 
have been ■written upon with common ink, as old letters, 
documenta, &c., from printed papers, since the latter 
require a more severe treatment than the former. While 
simple boiling in water containing a little soda-aah will 
discharge ordinary writing ink, printer's ink can only be 
extracted by using rather strong solutions of eoda-ash or 
caustic soda ; and even with this treatment it can only be 
rendered serviceable for an inferior paper, owing to the 
grey colour of the resulting pulp, due to the carbon of the 
printer's ink, upon which the alkali has no solvent effect. 
Boiling Waste Paper. — This is sometimes effected in 
iron vats, about 8 feet deep and 8 feet in diameter at the 
bottom, and about 6 inches wider at the top. At the 
bottom of each vat is a false bottom, closely perforated 
with small holes. Steam is introduced by a pipe below 
the false bottom, which passes through the perforations 
and thus becomes uniformly distributed to all parts of the 
vat. To facilitate the emptying of the vats, the false 
bottom.s have connected to them three or four iron rods, 
to the tops of which iron chains are hooked, and by this 
means the false bottom, carrying the mass of boiled paper 
can be raised by a steam hoistmg engine or crane and 
deposited where desired. "When the boiling is commenced, 
the vat should first be about one-fourth filled with a solu- 
tion of soda-ash, and the steam then turned on. Whtn 
the Kquor boils, the papers having been previously dusted, 
are introduced gradually, and well distributed through 
thejiquor; if they are thrown inlo the vat in large quan- 
tities at a time, and especially if they are in a compact 
state, the portions in contact may not be reached by the 
liquor, and an imperfect boiling will be the result. To en- 
sure a unifoim disti'ibution of the boiling liquor over the 
surface of the material, an iron pipe extends from the centre 
of the false bottom to nearly the top of the vat, and this 
pipe is covered with a hood, which causes the soda liquor 
to be evenly spread over the whole mass. The vats are 
either cased with wood or coated with asbestos to prevent 



the escape of heat, and the vessel is covered with a flat 
iron cover, which is generally in two halves. The stenin 
enters the tubs at the side, below the false bottom, and 
the ■ exhausted liquor is di'awn off through a valve con- 
nected to the bottom of the vat. In some mills the liquor 
is not drawn off after each boiling, but the boiled paper 
is hoisted from the vat aa before described, and the liquor 
strengthened by the addition of from 10 to 20 lbs, of 
soda-ash for each 100 lbs. of the paper to be next boiled. 
Paper that is thickly coat«d with printing ink requires an 
extra dose of soda-ash. The boiling is continued for twelve 
to twenty-four hours according to the nature and condi- 
tion of the waste paper under treatment. 

Waste papers are frequently boiled, after dusting, in 
revolving boilers, in a solution of soda-ash or caustic soda, 
but it not unfrequently happens that some portions of 
the material become so agglomerated or half pulped during 
the boiling that the alkali fails to reach all the ink, and 
as this cannot be removed by the after processes of washing 
and breaking, it remains m the body of the pulp and 
necessarily forms a constituent part of the paper to be 
produced from it. The mass, when discharged from the 
boiler and drained is then conveyed to the washing- engine, 
in which it becomes broken and freed from alkali and bo 
much of the ink as may have been dissolved or loosened, 
and it is afterwards treated in the beater and mixed with 
varying portions of other paper stock, according to the 
quality of paper to be produced. In some mills the boiled 
waste paper is disintegrated after boiling, by means of the 
«ige-punner (Fig. 19). 

Byan's Froceaa for Treating Waste Paper. — The fol- 
lowing process for treating waste paper so as to produce a 
" first-class clean paper " therefrom, was patented by Mr. 
J. T. Ryan, of Ohio. The waste paper ia first passed 
through a duster in the usual way, all thick old books 
being previously torn apart to separate the leaves. The 
papers are then boiled in a hot alkaline liquor without 
pulping them, whereby the alkali acts on the surfaces of 



88 TREATMENT OF VARIOUS FIBRES. 

the papers, and dissolves otf, carrying away all the ink 
into the liquor. The papers, which are still in sheet form, 
are then drained as free as convenient from the alkaline 
liquor, and are next washed in the washing-engine, which 
leaves the material perfectly clean. It is then pulped in 
the beating-engine ; and it is claimed that it can be 
formed into first-class paper without the addition of any 
new or expensive paper -stock. The details of the process 
are thus given by the patentee : "Into a bucking-keir put 
a soda-ash solution having a density of 5° B., at 160° F., 
put in the stock, and shower for eight hours at a 
temperature of 160" F., without pulping the paper, 
then lift and drain, and cleanse well in the washing- 
engine ; then pulp and form into paper. As the draining 
will always be imperfect, each charge removed will carry 
away some of the soda-ash solution, and leave the re- 
mainder of impaired strength. After each drainage add 
water to make up for loss in quantity of the solution, and 
add enough sodk-ash solution at a density of 13° B., 
to bring all the liquor up to 5° B, at 160" JP. In about 
eighteen working days the liquor wQl have accumu- 
lated considerable ink and other matter. Then blow 
one half of the liquor, and restore the quantity for 
proper working. None of the soda-ash solution is wasted, 
except such as falls to drain and what is blown out as last 
mentioned." In' carrying out this process every care 
must be taken to guard against pulping before the alkali 
is washed out. 




BleacliiiiB Operation , —Sour Bleaching. — Bleaching with Chloride of 
Lioie. ^ Donkin's Bleaeh Miier. — Bleaohiug with Chlorinu Gas 
(GlBBer'fl Proceas).— Electrolytic Bleaching [C. TVatt's Prooesa).— 
Hermitp's Procasa. — Audreoli'a Process. — Thompaim'B ProcoBs. — 
Lunge's Process. — Zinc Bleach Liquor. — Alum Bleacli liqnor. — 
Now Method of BlouuMng. 

BlsBCliiii^ Operation. — The lialf-etufE treated in the 
breaking- engine is run into the potcher, and the water it 
contains is lifted out as far as practicable by the washer ; 
the spent liquor from the presses or drainers is then run 
in in lieu of wafer, and as much fresh bleach in g-liquor as 
may be required is then measured in, and in from two to 
six houra the pulp becomes perfectly white. " However 
well managed a mill may be," says Mr, Amot, "it is 
scarcely possible to avoid having a small residue of unused 
chlorine in the liquid which drains from the bleaching 
staff." The rule, therefore, is to use this Kquor in the 
way above indicated, by which the unexhausted chlorine, 
operating upon fresh half-stuff, becomes available, and is, 
therefore, not wasted. "That as .little of this residual 
chlorine aa possible may remain in the stuff," Mr. Amot 
further observes, "when put into the beating-engine, 
powerful hydraulic presses are employed to compress the 
stuff and squeeze out the liquid. These presses should be 
large enough to contain easily the whole contents of a 
poaching-engine, and of unexceptional workmanship. The 
perforated Iming especially should be carefully prepared 
and properly secured. I have seen much trouble from j 
negligent workmanship in this respect. Recently I i 
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amined a number .of samples of press drainings, and 
found the unexhausted chlorine to vary very much — from 
a few grains of bleaching powder per gallou to about one 
ounce." 

Sometimes it is the practice to partly fill the potcher 
with water, and the engine being set in motion, the half- 
sUiff ia gradually introduced until the fidl charge has 
been given, and the stuff is then washed for some time, 
after which the drum-washer is raised, and the bleaching 
liquor then run in, care being taken that the necessary 
quantity is not exceeded, otherwise the fibre will suffer 
injury from the chemical action of the bleaching agent. 
When vitriol ia employed to hberate the hypochlorous 
acid, the vitriol, previously diluted with water, should be 
placed in a small lead-lined tank in such a position that 
the acid liquor may slowly trickle into the engine at the 
rate of 1 lb. of sulphuric acid in twenty minutes. As 
soon as the bleaching is complete the stuff ia emptied into 
large stone chests, each of which will hold the contentB of 
two engines. On the bottom of these chesta are perforated 
zinc drainers, while a similar drainer runs up the back of 
each chest. The bleached stuff is allowed to remain as 
long as may be convenient in these chests, after which it 
ia removed to the beating or refining engines. In some 
mills the bleaching is effected in tlie breaking-engine, 
while at other miUa the operation is performed ia the 
beating-engine. 

In bleaching it is considered to be more advantageous 
to employ moderately strong liquors rather than weaker 
ones, inasmuch as the object is effected in leas time than 
when weaker liquors are employed. An extreme in the 
opposite direction, however, must he avoided, since a very 
strong bleach will inevitably cause injury to the fibre. 
Sometimes the potchera are fitted with ateam-pipes, in 
order that the diluted bleaching liquor may be heated, if 
required, to facilitate the operation. If the temperature 
be raised too high, however, the effect upon the fibre will 
be at least as injurious as if too stroug a bleach were 



rmployed. It must also be borne in miud that in eitlu 
case, after the. pulp has been bleached and the Liquofl 
allowed to run off, the mass has to remain some time — 
even if pressed to remove as much of the Kquor as possible 
— in direct contact with the products resulting from the 
decomposition, and probably some undecomposed hypo- 
chlorite also, which will continue their chemical action 
upon the fibre until removed by washing, or neutralised 
by one or other of the agents employed for the purpose, 

Sonx Bleacliiiig.— When the bleaching liquor, after 
acting upon the half-stuff for some time, has become 
partially exhausted, dilute sulphuric acid — about one part 
acid to fifteen parts of water — is added, which, by liberating 
hypochlorous acid, hastens the bleaching considerably, and 
when the chemical action resulting from this treatment is 
nearly complete, the spent liquor is allowed to drain awuy, 
and fresh bleaching liquor is introduced, the strength 
being regulated by the progress made in the first case, 
which wlQ depend upon the character of the fibre treated. 
In the second application of the bleach no acid is used- 
When sulphuric acid is added to the bleaching liquor, as 
above, the process is termed sour bleaching. Sometimes 
hydi-ochloric acid is used for this purpose, but in either 
case it is necessary to avoid employing the acid in too 
concentrated a state, or in too great a quantity, otherwise 
free chlorine will be liberated, which, besides being in- 
jurious to the health of the workmen and the surrounding 
machinery, also involves loss, while the colour and strength 
of the fibre itself will also he impaired. In some mills 
the bleachihg'is effected in the beating-engine, the bleach- 
ing liquor being pumped in while the machine is in 
motion. 

Respecting the time which the bleaching operation 
should occupy, there appears to be some diHerence of 
opinion, ox, at all events, the practice seems to vary in 
difierent mills, but there is, no doubt, an advantage, so 
far as ultimate yield is concerned, in moderately slow 
bleaching at a moderate temperature, inasmuch as there 
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is less risk of chemical action upon the cellulose itself 
than when strong liquors are used, at a higher tempera- 
ture, with a view to hasten the operation and economise 
the bleaching powder. 

Bleacluiifr with CMonde of Lime {Piepainfion of the 
Bleaching Liquor). — Chloride of lime or hypochlorite of 
lime,- commonly called bleaching powder, when well pre- 
pared, contains from 32 to 35 per cent of active chlorine. 
Being readily decomposed bv the air and aUo by heat, 
this substance should alwai s be stored m n cool and dry 




place until required for use. A solution of bleaching 

Eowder is generally prepared in large tanks lined with 
iad, which are provided with agitators or ^tivrera, so 
that the powder, when added to the water, may be freely 
diffused, and its active material dissolved in the liquid. 
A machine, or " bleach-mixer," manufactured by Messrs. 
Bryan Jlonkin and Co., of Bermondsey, is shown in 
Pig. 20, which is so constructed that the strong bleach 
liquor does not destroy it. The device for agitatinj^ 
the contents of the tank explains the principle of the 
machine. To prepare the bleaching liquor, about J lb. 
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of chloride of lime to each gallon of water is used, 
which yields a liquor at about 6° T. AVhen the re- 
quired quantity of bleaching powder uiid wal«r have 
been introduced into the mixer and sufficiently agitated, 
the vessel is allowed to rest until the residue, which chiefly 
consists of free lime and its carbonate, baa subsided, when 
the clea,r liquor may be run off for use. When all the 
clear liquor has been drawn off the residue should be 
washed with water, and after again settling, the wash- 
ing water run off, and fresh water added, these wash- 
ings being repeated as often as necessary to remove the 
last traces of the "bleach," as it is technically callcil. 
The washing waters may be used in lieu of water in the 
preparation of fresh bleaching liquors. In some mills 
the bleaching powder is mixed with from 2 to 3 times its 
weight of water ; the mixture is then well agitated and 
the residue afterwards allowed to settle, the clear solution 
being afterwards drawn ofE and the residue then washed 
uB before. In either case the residual matter is afterwards 
well drained and then east aside. The bleaching liquor is 
stored in large tanks ready for use, from which it is with- 
drawn as requii'cd by means of a syphon or otherwise. 

Bleaching with Chlorine Gaa (O/awr'n Prowm). — This 
method of bleaching is not so much adopted in England as 
formerly, but has foun^ much favour in Germany ; in- 
deed, within the past few years, namely, in March 3rd, 
1880, a process was introduced by Mr, F. Cail Glaser for 
treating straw, in which, after boiling with caustic soda as 
usual, the pulp is bleached by the action of chlorine gas. 
The straw, after being separated from weeds by a slight 
or superficial picking, is cut into pieces of from ^ to 
f of an inch in length. The cut straw is then placed in 
a rotary boiler for about four hours, at a pressure of about 
4 to 4| atmospTierea, in a solution composed of 29 lbs. 
of caustic soda at 71°, and 48 lbs. of calcined soda at 90°, 
rendered caustic, for every 220 lbs. of straw. After boil- 
ing, the dirty ley is drawn off, and the boiled straw sub- 
jected to two washings with water. It is then conveyed 



BLEACH2XG. 

to the washing-engine, where it is washed for an hour ; 

the drum of the machine should have a sieve or sifter, the 

■■ apertures of which are about 60 to the square inch. The 

■• alfor ■ - ■ 



^B to 
^^B the 

^^^H washed straw is next dried by centrifugal force in a bydro- 

^^^V extractor, until it contains about 70 per cent, of water, 

^^^V which is necessary for the action of the chlorine gas; To 

^^^V effect this, so as to obtain not very solid or close cakes of 

^^^1 straw, the holes of the wire of the hydro-extractor should 

^^^V not be more than 50 to the square inch. The cakes of 

^^^H straw thus formed are then exposed to the action of 

^^^1 chlorine in leaden chambers of the ordinary kind, in which 

^^^P they are placed in layers upon hurdles, or ujxjn shelves. 

^^" If the chlorine ia produced by hydrochloric acid, for every 

220 lbs. of unboiled straw, h\\ lbs. of the acid at 20^ B1, 

and a corresponding quantity of 70 per cent, peroxide of 

manganese are used. After the bleaching operation, the 

acid lormed is removed by washing in a washing-engine. 

If a complete reduction of the fibres has not been effected 

I by the bleaching, this may be completed by the aid of 

well-known maeliines, and either before or subsequent to 

the after-bleaching there is used for 220 lbs. of straw 

about \\ lbs. of chloride of lime, at 35^ [per cent. ?] The 

patentee then gives the following explanation : — " As pine' 

wood or fir is chemically freed from its colouring principle 

and transformed into fibres as well as cellulose, the object 

of the intense action of the chlorine is to destroy the niu- 

' cilage of the straw, as well aa the incrusting matters 

wbich have not been destroyed by the "boiling with caustic 

soda, and consequently to strip or expose and open the 

fibres." It will be readily seen that this process bears a 

close resemblance to Mr. C. Watt's wood-pulp process. 

, Electrolytic Bleacliiiig {C. Watt, juu.'s. Process). — 

At the present time, when the means of obtaining the 

electric current for practical purposes in the arts have 

so far exceeded that which would have been deemed 

probable some forty years since, we find that many 

ingenious processes, which were foiind to be unpractical 

at that time from the want of cheap electrical power, 
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have since reappeared in the form of patented inven- 
tions, which would seem to possess every merit — but 
originality. 

80 long ago as September 25th, 1851, the author's bro- 
ther, Mr. Charles Watt, obtained a patent for, amongst 
other claims, decomposing chlorides 01 sodium and potas- 
sium, and o£ the metala of the. alkaline earths into hypo- 
chlorites by electricity. It may be well to make a few 
SKtracts here from his specification in order that some of 
the subsequent patents, to which we shall refer, may be 
traced to what may, perhaps, be considered their true 
origin. In the speciiication in question, the inventor 
says: — " The third part of my invention consists of a mode 
of converting chlorides of potassium and sodium, and of 
the metals of the alkaline earths, into hypochlorites and 
chlorates, by means of a succession of decompositions in 
the solution of the salt operated upon, when induced by 
the agency of electricity Electricity first decom- 
poses the chloride, the chlorine being eUminuted at one of 
the electrodes, and the alkaline or earthy metaUic base 

at the other electrode The liberated chlorine will, 

when it is set free, combine with a portion of alkali or 
alkaline earth in the solution, and a hypochlorite will be 
formed. The hypochlorite thus formed will, by the con- 
tinued action of heat, be resolved partly intx) a chlorate of 
the alkali or alkaline earth, and partly into a chloride of 
the metallic base, and the chloride will again be subjected 
to decomposition, and a hypochlorite formed, ... If I 
desire to produce a hypochlorite of the alkali or earth, I 
merely keep the vessel warm . . , and continue the pro- 
cess until as much of the saline matter has been converted 
into a hypochlorite as may be required for the purpose to 
which the solution is to be appKod. This mode of form- 
ing a hypochlorite of the alkalies and alkaline earths may 
be used for preparing a bath for the purpose of bleaching 
various kinds of goods, and the bath may be strengthened 
[recuperated] from time to time by the action of the 
electric current." 
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,Thua it will be seen that this specification clearly de- 
scribed a process by wkicli the chlorides of sodium and 
potassium, and of the metala of the alkaline earths (chlo- 
ride of magnesium, for example), may be converted into 
hypochlorites by electrolysis, and the hypochlorite solu- 
tion obtained used, for the purposoB of bleaching. It would 
appear difficult to conceive how any subsequent patent 
for accomphshing the same thing, aud using essentially 
*the same means, can claim originality in the face of such 
"prior pubhcation " as was effected by the usual "Blue- 
book," which any person can buy for eightpeiice. 

Hermite'a Frocesa. — The following description of this 
process has been furnished by the engineers engaged in 
connection with the process to the Paper Trade Memew : — 
"Briefly described, the Hermite process consists in manu- 
facturing a solution of high bleaching power by electro- 
lysing an aqueous solution of magnesium chloride. The 
salt is decomposed by the current at the same time as the 
water. The nascent chlorine, liberated from the magne- 
aiima. chloride, and the nascent oxygen, hberated from the 
water, unite at the positive pole, and produce an unstable 
oxygen compound of chlorine of very high bleaching 
power. The hydrogen and magnesium go to the negative 
pole ; this last decomposes the water and forms magne- 
sium oxide, whilst the hydrogen is disengaged. If in this 
liquid coloured vegetable fibre is introduced, the oxygen 
compound acts on the colouring matter, oxidising it. 
Chlorine combines with the hydrogen to form hydrochloric 
acid, which finding itself in the presence of magnesium in 
the liquid combines with it, and forms the initial chloride 
of luagiiesium." 

Andreoli'B Frocess. — This process consists, avowedly, 
in bleaching pulps " by means of hypochlorite of sodium, 
produced by electrolytical decomposition of a solution of 
chloride of sodium." In carrying out his process, M. An- 
dreoli ufies as an electrolyte " concentrated or non-concen- 
trated sea-water, or a solution of chloride of sodium, the 
specific gravity of which varies accordiug to the quaUty 
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and nature of the materials to be treated. GfeneraUy the 
solution to be electrolysed works bettor with a density of 
8° to 12" B., bat although aalt is cheap, and the solution 
when exhausted may be regenerated by passing an electrie 
current, I alwaj's endeavour to have when possible (s/c) a 
weak solution, and with some kinds of pulp an electrolyte 
having the density of sea-water (3'^ B.) is sufficiently atronff 
to bleach." 

The foregoing are the only electrolytic processes for 
bleaching fibres that need recording, and we fancy there 
will be little difficulty in tracing the resemblance between 
the two latter and the process of Mr. C. Watt. 

Thompson's Process — This process, for which a patent 
was obtained on February 3rd, 1883, may be thus briefly 
described : — In bleaching linen fabrics the material is boiled 
for about three hours in a solution of cyanide of potassium 
or sodium — about half an ounce of the salt to each gallon 
of water — to remove the resinous matter from the fibre, so 
that the cellulose may be exposed to the action of the 
bleach. The fabric is then washed, and again boiled im- 
three hours more in a similar solution, and after being 
again washed is ready for bleaching. With cotton the 
preliminary boiling is not necessary, unless the material 
is greasy, in which case a solution of half the strength 
and two hours' boihng is sufhcient. In ordinary cases 
cotton is not boiled at aU, but is simply washed in cold 
water and squeezed. In bleaching, all vegetable fibres are 
treated in the same way, the only difference being in 
point of time. The cotton or linen, after being treated as 
described, is then piled somewhat loosely in an air-tight 
vessel, 9 lbs. of cloth to the cubic foot of space being con- 
sidered sufficient. The vessel is then filled with a weak 
solution of bleaching liquor, consisting of about one ounce 
of dry bleaching powder to each gallon of water. " After 
the vessel has been filled, the liquor is immediately run 
out, and is replaced by an atmosphere of carbonic acid, 
which quickly liberates the chlorine on the fibre, and thiis 
decomposes the water, uniting with the hydrogen and 
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liberating the oxygen, tho result of which is to bleach tho 
fibre or fabric. IJi about an hour the whole of the bleach- 
ing liquor in the fibre will have been thus decomposed, 
and this operation must be repeated until the material is 
of the proper whiteness to be withdrawn from the action 
of the chlorine. The material ia then washed and squeezed. 
Chlorine, however, always leaves these materials of a 
yellowish white." To remove this tint, the material ia 
passed through a solution of oxalic acid — about 2 oz. to 
the gallon — squeezed as it passes out of this solution, and 
then passed through another solution made by dissolving 
i gram of triethyl rose aniline to the gallon of water, or 
yO grains of indigo, as may be preferred. To this solution 
oxalic acid is added until it becomes of an opaque but bright 
turquoise blue. The material, after washing, is then white. 

The patent describes and illuatratea the apparatus to be 
used in conjunction with certain parts of existing appara- 
tus used in bleaching. 

Inuige'B FxooesB. — In this process acetic acid is used 
in plaee of hydrochloric or sulphuric acids, etc., to set free 
the chlorine or bjrpochlorous acid, in the ordinary method 
of bleaching with hypochlorite of lime, or bleaching 
powder, which, the inventor says, "combines all the ad- 
vantages of the materials formerly employed, without any 

of their drawbacks The price is no impediment, 

for a minimal quantity is sufficient, the same being re- 
generated over and over again. At first acetic acid and 
chloride of lime decompose into calcium acetate and free 
hypochlorous acid. In the bleaching process the latter 
yields its oxygen, hydrochloric acid being formed. The 
latter instantly acts upon the calcium acetate ; calcium 
chloride ia formed and acetic acid is regenerated, which 
decomposes a fresh quantity of chloride of lime, and so 
forth. Consequently the smallest quantity of acetic acid 
suffices for splitting up any amount of chloride of lime. 
.... The hydrochloric acid formed is never present in 
the free state, as it instantly acts upon the adcium acetate. 
This is very important, since hydrochloric acid weakens 
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the fibre by prolonged contact, wKiht acetic acid is quite 
hanulesa. Sineo there are no insoluble calciuin aiilts pre- 
sent, the operation of ' souring ' after bleaching ia quite 
unnecessary ; this not merely saves the expense of aeid, 
and of the subsequent washing of the fabrics, but it also 
avoids the danger, especially present in the case of stout 
fabrics, of leaving some of the acid in the stuff, which 
concentrates on drying and weakens the fibre ; it may 
also prove injurious in subsequent dyeing operations. 
But in the new process no free acid is present except 
acetic acid, which has no action upon fibre, even in its 
concentrated state and at a high temperature." 

The acetic acid may be employed in various ways, in- 
cluding the following :— A small quantity of the acid may 
be added from the first to the bleaching liquor ; or the 
fabric, after being treated in the ordinary way with a 
solution of the bleaching powder, may be al«^)ed, without 
previous washing, in water containing a little acetic acid ; 
or the fabric may be steeped in water acidulated with 
acetic acid, and bleaching liquor afterwards run in slowly 
and gradually, with continuous agitation in the usual way. 
In the case of hard water, or of impure bleaching liquors, 
a good deal of the acetic acid would be consumed in 
neutralising the lime ; in this case, some hydrochloric or 
sulphuric acid may be added, but only sufficient for the 
purpose, so that no acid but hypochlorous or acetic acid 
exists in the free state. The process is applicable to the 
bleaching of vegetable fibres, whether spun or in the un- 
spun state, and for bleaching paper pulp made from rags, 
wood, straw, esparto, etc. Besides acetic acid, any other 
weak organic acid of an analogous nature may be used. 

Zinc Bleacb ^iqnor. — Strong acids are often objection- 
able for liberating chlorine from bleaching powder, and 
especially in bleaching some classes of paper pulp. If a 
solution of sulphate of zinc be added to one of bleaching 
powder, sulphate of lime is precipitated, and the zinc 
hypochlorite fonned at once splits up into zinc oxide and 
a solution of free hj'pochloroua acid. Chloride of zinc 
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acta similarly ; for a saturated solution of zinc in hydro- 
chloric acid deconipoHes as much bleaching powder as half 
its weight of concentrated oil of vitriol. — Varrentrapp. 
Consequently zinc salts can be employed in place of 
sulphuric acid, and thus bleach the paper pulp very 
quickly. When this mixture is employed in bleaching 
pulp, the precipitated sulphate of lime resulting from the 
reaction and also the oxide of zinc formed, remain iu the 
pulp, and serve as loading materials. 

Aliuu Bleach Liquor.- — Orioli * recommended for use, 
in paper-mills especially, a bleach liquor made by decom- 
posing equivalent quantities of a solution of cMoride of 
lime and sulphate of alumina, formerly known as Wilson's 
Bleach Liquor. Sulphate of lime is precipitated, and 
hypochlorite of aluminium remains in solution ; this 
being a very unstable salt can be applied for bleaching 
without the addition of an acid, splitting up into alu- 
minium chloride and active oxygen. Consequently the 
liquid always remains neutral, and the difficulty caused 
by the obstinate retention of free acid in the fibre, by 
which it is strongly acted upon in drying, in this case 
does not exist. The aluminium chloride also acts aa an 
antiseptic, so that the paper stock may be kept for many 
months without undergoing fermentation or other decom- 
position. The solution is allowed to act for about ten 
minutes in the engine. — Lunge. 

TSSvw Method of Bleaching — Young's Paraffin Oil 
Company have I'ecently introduced what they term an 
" intermediate oil for paper- making," to be used with 
alkali in the boiling of rags and esparto, for the purpose 
of increasing the bleaching power of the powder, and pro- 
ducing a softer pulp, at the same time having no smell. 
Several well-known paper-makers have tried, and speak 
favourably of it. The quantity of oil to be added to the 
caustic varies for different stock, but may be said to 
average about 1| gallon per ton.f 




Beating. — Mr. Donbar'a ObserrationB on BeatiM;. — Mr. Arnot on Bmt- 
ing Engines. — Mr. Wyatt on American Eoflning-Enginea. — The 
Beating Engine. — Forbea' Bealing-Bngine. — Umpherstoo's Beating 
Engine. — Operation o( Beating. — Test for CUarine. — Blending. 

Beating. — One of the most important operations in 
the manufacturo of first-clasB paper is that of beating, by 
which the half-stufE becomes reduced to a fine state of 
division, and the fibres which, in the condition of half- 
stufE, are more or less loosely held together in a clotted 
state, become separated, and are thus put int« a condition 
in which they will intertwine with each other, or felt, as it 
is termed, when submitted to the vibratory motion of the 
wire-cloth of the paper machine. The beating-engine, or 
bsater, as it is commonly called, much resembles in con- 
struction the washing- and breaking- engine, but since it is 
required to stiU fuither reduce the pulp to a condition 
suitable for paper-making, the knives of this engine are 
more numerous and are made to revolve more rapidly. 
In this engine the half-stufE is cleansed from bleach, 
hydrochloric or sulphuric acid — whichever acid may 
have been used in the bleaching — chloride of calcium, and 
the various products resulting from the decomposition of 
the chloride of lime. In this engine, also, the loading, 
sizing, and colouring materials arc worked up with the 
pulp, and the stuff fuUy prepared for its final transfer 
direct to the paper-machine. Before describing the various 
forms of beating-engines which have been from time to 
■ lime introduced, including some of the most recent types, 
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to which special attention will be drawn, we purpose 
quoting some observations of well-tnown experts in paper 
raanufacture which will be read with interest, since they 
fully explain the importance that attaches to the proper 
manipulation of the beating-engine for the production of 
paper of high quality. 

Mr. Snnbar'a ObsexTKtions on Beating.— There is 
no operation of the paper-mill that requires more careful 
attention and experienced judgment than that of beating, 
or refining, to bring the pulp to the finest possible con- 
dition for paper-mafcing ; in this department, Mr. Dunbar 
urges, " none hut thoroughly efficient men should be 
employed, for it is hero that the paper is really made — 
that is, the quality of the paper produced at the paper- 
machine will bo in proportion to the treatment the ma- 
terial has received ; and if the Lalf-stufi sent to the 
beating-engines ia not subjected to judicious manipulation 
and careful preparation for the special paper to be made, 
all future doctoring will prove unsatisfactory." 

Ht. Arnot on Beating Bnginea. — On this subject Mr. 
Amotsays: — "Upon the iiianageroentof the beating-engine 
the character of the paper produced largely depends. What 
is wanted is not a mincing or grinding of the fibre, but a 
drawing out or separation of the fibres one from another ; 
in fact, the name of the machine indicates pretty accu- 
rately the nature of the action required — beating. Long, 
fine fibres can only be produced [obtained] by keeping the 
roll slightly up off the bed-plate, and giving it time to do 
the work. Sharp action between the roll and the bed- 
plate will, no doubt, make speedy work of the fibre, but 
the result will be short particles of fibre only, which will 
not interlace to make a strong felt. Indeed, the action I 
refer to will reduce the long, strong fibre of linen to little 
better than that of wood or straw. Practice and careful 
observation can alone make a good beater-man, and for 
the finer classes of paper none but careful, experienced 
men should be entrusted with the management of the 
beating-engine. Sometimes the operation is conducted in 
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two Buccessive engines, the first being called the inter- 
mediate beater, but I have hitherto failed to see wherein 
the advantage of this system lies. The time usually occu- 
pied in heating esparto for printing-paper is about four 
hours, while for rags the time may vary from four to 
twelve hours, or even more." This, however, depends 
upon the nature of the rap;? themselves, and the puiposes 
to which they are to be applied. 

Ht. WjBrtt on AmericaiL Xtefinin^-Xaguies. — Befer- 
ring to the engines adopted in Americii, Mr. Wyatt says : 
— " There are various modifications of the original Jordan, 
the principal ones being the Marshall, Jeffers, and im- 
proved Jordan ; but I gathered that experience proves 
the Jordan type to be the most practical and efficient 
in the end, and i.s one of the most generally used. One 
Jordan is required for each machine, refining all the 
stuff supplied to it. The roll, or plug, runs from 350 to 
400 revolutions per minute, the horse-power consumed 
varying from 25 to 40 horse-power according to the work 
done, and an engine will do up to 1,000 lbs. of pulp 
per hour. The time saved in the boating-engine by the 
use of the Jordan is just about one-third of what would 
otherwise bo necessary, that is to say, pulp requiring 
otherwise six hours beating only takes four hours if 
finished in the Jordan. The half-beaten pulp is emptied 
into a stuff-chest, and the Jordan is furnished with a small 
stufi-pump and service-box, just as at the paper-machine 
what the "Jordan does not take flows back again into the 
chest: the pulp from the Jordan is run into the ordi- 
nary machine stufi-chests. The finished pulp can be 
taken from the Jordan at three different levels from the 
circumference of the roll, or plug. If the pulp is wanted 
'free,' it is drawn from the bottom of the engine; if 
wanted ' wet,' or well gi-eased, it is drawn from the top ; 
and if medium from the centre." 

The Beftting-Xngiiie. — The ordinary form of beater 
consists of east-iron trough 13 feet C inches long X 6 feet 
ti inches wide, and the bottom is disb-sbaped, so as to 
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prevent the pulp from lodging, whicli would inevitably 
be the case 5 the bottom were flat, as the pidp would 
be apt to lodge in the angles formed by the junction of 
the bottom with the vertical walla of the trough. The 
iron trough is fitted with a cast-iron roll, 3 feet 6 
inches x 3 feet 6 inches, which is provided with 69 " roll- 
bars," or knives, arranged in 23 groups of 3 bars each ; 
this roll is suspended upon a malleable iron shaft 
5 inches in diameter, resting iipon side levers ; suitable 
gearing is attached by which the roll can be lifted or 
lowered at will, the action being uniformly equal on both 
sides, by which the knives of the roll are kept uniform 
with those of the bed-pla!e beneath. The bed-plate, fur- 
nished with 20 steel knives, of the same leng^ as the 
roll, is placed imme<liately beneath the roll. When the 
knives of the bed-plate are straight they are titted into 
the plate-box at an angle, but in some cases they are bent 
at a slight angle, when they are termed elhow plates. 
There have been, however, many improvements in the 
beating- engine introduced of late years, some of which 
are of considerable importance, and to some of these we 
will now direct attention. Although our own manufacturers 
have introduced improvements in beaters which have been 
fully recognised by the trade, the American engineers 
have not been behindhand in devising modifications 
which appear to have some important advanfa,ffeB. The 
Jordan beater, which has been extensively adopted in 
the States, consists of a roll in the form of a truncated 
cone, furnished with knives in the usual way ; this revolves 
in a box of a similar form, fitted with knives in the direc- 
tion of its length, but at slightly different angles. In 
this engine the stuff enters at the narrow end through 
a box having an arrangement which regulates its flow, 
and the pulp is discharged by several openings in the 
cover at the wider end. In an engine invented by Mr. 
Kiugsland there is a circular chamber furnished with 
knives covering its sides ; between this is a circular plate, 
also fitted with knives, which revolves. The stuff enters 
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through a pipe in the centrQ of one of the sides of the 
chamber, and flows out through an opening in the oppo- 
site side. 

Forbes' Be&ting Eii^« — This engine, an illustration 
of which ia given in Fig. 21, is manufactured by Ber- 
trams, Limited, of St. Katherine'a Works, Edinburgh. 
The engine has three chambers, two rolls, und a mixing 
wheel ; the rolls, only one of which is uncovered in the 
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^^pgiaviiig, aie fixed in the outer channels, and the lui^.u 
■wheel is placed in the middle channel. By this arrang 
ment the pulp flows alternately into the two outer chan- 
nels, and after passing through the rolls again it enters 
the centre channel at the opposite end. 

Umplierstoii's BeatinE Engine. — -This engine, for 
which a patent was granted in 1880, has been successfully 
'dopted at the Balhj Chronicle and other mills, and pre- 
bits several important advantages, one of the chief being 
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that it occupies mucli less ground space than ordinary 
beating-en gines. Indeed, we have heard it remarked of 
this engine that it will do double the amount of work in 
the same ground space as the ordinary engine, and this, 
in some mills, would be a decided advantage. The con- 
struction of this heater, a drawing of which is shown in 
Pig. 22, is thus described hy the patentee : — " In the 
common and almost universal form of engines iised for 
preparing palp for paper-making, the pulp travels hori- 
zontally in a trough with semi-eircular ends, and straight 




sides, partly divided longitudinally hy a partition called 
the midfeather, ei'ound which the pulp flows fi'ora the 
hack of the roll to its front, where it passes under the roll 
and over the bottom working-plate, and is again delivered 
over the hack fall to pass again round the midfeather to 
the front of the roll. In the course of these repeated 
revolutions part of the pulp near the circumference of the 
tub has much farther to travel than the part near the mid- 
feather, and consequently is not so often operated upon, 
and the pulp is thus unequally treated. As an improve- 
ment upon this foiin of tub, I make it so that the pulp 
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passes from the back of the roll to its front (hrougla a 
longitudinal passage londer the back fall, the pulp thus 
moving as through an inveited syphon, the superincum- 
bent weight of the semi-fluid palp, as delivered over the 
back fall of the roil, pressing it along this passage and 
upwards, to enter again in front of the roll. The roll a, 
bottom plate b, and the form of the back fall c, are similar 
to those of ordinary engines, but the trough is formed 
with (he passage d under the bottom plate b, bo that the 
semi-fluid contents of the engine, in travelling from the 
back fttU c to the front of the roll a, pass by means of the 
passage d under the bottom plate b in the direction indi- 
cated by the arrowa,the superincumbent weight of the semi- 
fluid pulp, fts it is delivered over the back fall c at the back 
of the roll A, pressing it along the under passage n and up- 
wards to the front of the roll a. The position of a drum- 
washer is shown at e, and at f is seen a section of the 
cross shaft for raising or lowering both ends of the roll a 
simultaneouBly ; a is the roll cover, which may be of any 
usual form. By this invention the semi-fluid pulp is 
acted upon in a more effective manner, and its particles are 
also more equally treated than has hitherto been the case." 

The beating- engines are usually driven from a sejiarate 
engine, but Messrs. Bertrams have introduced a system of 
direct driving for these engines by which, it is said, there 
is a considerable saving in power. The accompanying 
engravings, Figs. 23 and 24, show a series of eight beaters, 
each carrying 300 lbs. of pulp, driven by one of their com- 
pound direct-driving steam-engines, and now being worked 
at the Forth Paper Mills. 

Operation of Beating,— Having referred to some of 
the more important improvements connected with the 
beating -enginea, we will proceed to explain the opera- 
tion of beating as briefly as possible. The bleached 
half- stuff is removed from the tray of the press in 
caked masses, and in this condition is conveyed in trucks 

I boxes to the beating-engine. The first thing to 

•ttended to is the removal of the last traces of chlorine 
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from the pulp, whicli. if not effectually done, would caiise 
injury to the size, and also corrode the strainer plates 
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and wire-gauze of the paper- machine. It is possible 
to waah out the chlorine by an abundout application of 






pure jpater, but this metho<l of removing (he chlorine is 
very tedious and occupies a long time, while it also involves 
the" use of enormous quantities of water — a serious conai- 
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fleral ion in some imlla ; to this may be added the still more 
important fact that by the method of waeliing out the 
chlorine a considerable loss of fibre takea place. The plan 
moat usually adopted is to neutralise the chlorine left in the 
pulp by the application of suitable chemical agents, whereby 
the chlorine is rendered inert. These agents, technically 
termed " antichlora," are sometimea objected to, however, 
although they are in themselves practically harmless so far 
as their action upon cellulose is concerned. Mr. Arnot, 
who has considered this subject very thoroughly, says r — 
" I do not think there is much in this objection, as those 
agents that ai-e soluble pass through lie wii-e of the 
machine almost completely, while those that are insoluble 
are in the finest possible state of division and pearly white. 
The chemical agent moat largely used is hyposulphite of 
soda, but hyposulphite of lime is also employed, and 
those agents, tnown by the name of ' antichlor,' are put 
into the engiuo in such a quantity as will ensure the 
neutralisation of the whole of the chlorine. The pro- 
ducts of the reaction, when the soda salts are used, are 
chloride of sodium (common salt) and sulphate of soda 
(Glauber's salt), and, when the lime salt is used, chloride of 
calcium and sulphate of lime, the latter identical with the 
pearl hardening so well known as a loading agent." From 
this it will be seen that little or no barm can possibly 
occur either to the fibre or the metal work of the machine 
by the emplojTnent of the neutralising agents named, and 
when it i,'^ home in mind that the simple washing of the 
pulp would occupy the beating-engine for a lengthened 
period and exhaust a considerablequantity of water — which, 
as we have said, would in some mills be a serious nkatter — 
the adoption of the neutralising method would undoubtedly 
have the preference. 

The engine, being partly filled with water, is set in 
motion, and the bleached half-stuff introduced in small 
quantilies at a time, each portion being allowed to becomo 
thoroughly mixed with the water before the next batch is 
added. The charging of the beater with half-stufi' is kept 
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up until the moss becomes so thick that it will only just 
move in the trough under the action of the revolving roll. 
If the beater is of the older type, portions of the pulp are 
liable to lodge in comers, to remove which the " beater- 
man " uses a wooden paddle, with which tool he also pushes 
the slowly moving pulp in the direction of the roll, espe- 
cially when the atifE mass appears to move too slowly. 
At this stage the neutralisation of the chlorine in the 
pulp is effected, which is done by adding a solution of 
hyposulphite of soda, a little at a time, until the liquor 
ceases to redden blue litmus pai>er, strips of which 
should be dipped into the putp every few minutes until 
the paper persistently retains its blue colour. Thia 
operation should be conducted with great care, so as to 
exactly neutralise the traces of chlorine without adding an 
excess of the hyposulphite of soda. Besides this salt, 
other substances are used as " antichlors," as, for example, 
hj'posulphite of Hme, which is pi'epared by boiling Tnilfc of 
lime (slacked lime made into a thin mixture with water) 
and flour of sulphur in an iron vessel until the latter is 
dissolved, when, after cooKng and settling, the resulting 
solution, which is of an orange -yellow colour, is ready for 
use. One great objection to the use of hyposulphite of 
lime, however, is that when decomposed by the chloride of 
lime remaining in the pidp sulphur is set free, which, 
mingling with pulp, will impart to it a yellow tint ; be- 
sides thia, in passing over the diying cylinders of the 
machine the sulphur present in the paper may attract 
oxygen from the air, converting it into sulphuric acid, 
which must inevitably pi'ove injurious to the manufactured 
paper. Sulphite of soda has also been used as an autichlor, 
and is said to be preferable to hj'posulphite of soda,* inas- 
much as the latter salt is Kable to decompose with the 
liberation of free acid, which is not the case with the 
sulphite of soda. 

Test for Cliloriae. — Instead of relying solely upon the 
litmus paper test when ajiplying the autichlor, the foUow- 

s also cziilltd thtoiii'phile ofioda. 
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r lest for chlorine may also be used with advantage :— 
Take 2 drachms (120 grains) of white starch, and make it 
into a paste with a little cold water ; then pour over it 
about half a pint of boiling water, stirring briskly ; to this 
add 1 drachm of iodide of potassium, and stir until dis- 
solved and well incorporated with the starch solution. 
The mixture is then to be allowed to cool, when it ia 
ready for use. A few drops of this mixture dropped 
upon a small sample of the pulp wiU indicate if any 
chlorine be present by the spot assuming a blue colour ; 
if such be not the case, the pulp may he considered free 
from chlorine. 

During the beating, the roll, which should make not less 
than 220 revolutions per minute, is lowered, a little at a 
time, 80 that the cutting edges of the bars and plate may 
be brought together gradually and equally until the pulp 
is reduced to the desired condition. The pulp is made 
long or short according to the quality of paper to be pro- 
duced ; news papers, which require strength, are made of 
long-fibred pulp, while writing paper, or paper of fine 
texture, is made of shorter pulp. The stuff should be 
what is called "mellowed" in the engine, which is effected 
by a judicious working of the roll, not lowering it sud- 
denly but gradually, and not much at one time, on the 
plate, until the pulp attains the fineness required. This is 
generally arrived at in about three and a half to four 
hours, though sometimes the heating of pnlp from rags 
is continued for more than double that time. It should 
be added that if the cutting edges of the roll and plate 
are brought together suddenly and too closely, the fibre 
will be cut, and as a consequence the paper produced will 
be tender. 

Espai'to, which, in the process of boiling becomes re- 
duced to such a soft condition that the fibres may be readily 
separated by the fingers, does not require such excessive 
beating as rags ; indeed, the perfect disintegration of the 
fibres of esparto is practically accompKshed in about half 
the time occupied by rage, and often niiicii less., but this of 
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course depends upon the nature of the esparto itself and 
upon the thoroughness of the boiling. Wood pulpa also 
require but moderate beating, since the process of disin- 
tegration is generally pretty effectually accomplished by 
the processes to which the raw material is subjected in the 
course of manufacture into half-stuff, which is the condi- 
tion in which this paper material is funjished to the 
manufacturer. 

Blending. — To produce papers of the different qualities 
required by the trade, a system of blending is adopted, 
wluch may be effected — (1 ) by mixing the malfirials in the 
raw state, or the rags, previous to boiling ; and (2) blend- 
ing the half-stuff in the beating-engine. The latter method, 
however, is generally preferred. Sometimes, also, pulps of 
different character are beaten separately and then mixed 
in the stuff-chests, where they are mixed as thoroughly aa 
possible before passing on to the machine, but this metho<l 
would be leas likely to ensure a perfect mixture of the 
respective pulps than would be efi'ected with proper care in 
the beater. The proportions of the several materials to be 
blended is also a matter of important considenition. In 
blending esparto with rag stuff, if the former be in excess 
it becomes reduced to the proper condition before the latter 
is sufficiently fine, which causes tho rag fibre to appear iu 
" knots and threads" in the manufactured paper. But if 
the rag stuff be allowed to predominate, the beating is 
conducted as though no esparto were present, by which, 
while the mg stuff becomes' reduced to the proper length 
of fibre, the esparto, which is still further reduced, in 
mingling with the longer fibre of the rags forms what is 
called a " close " paper. Mr. Dunbar, in his useful littlo 
work, " The Practical Paper-maker," furnishes a series of 
receipts for blending for high-class papers, as also the pro- 
portions of colouring matter to be used, which the reader 
will do well to consult. For news papers, esparto and straw 
pulps are generally used, in varying proportions according 
to the nature and quality of the esparto ; these proportions 
have to be regulated according to tho Judgment of the 
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paper-maker, and vary greatly at different mills. A large 
quantity of sulphite and other wood pulps are also used, 
those coming from Scandinavia and Germany being espe- 
cially suited to the requirements of the English manufac- 
turer. Mechanical wood pulp is also used in a moderate 
degriee — sometimes up to 15 per cent., in some English 
mflls, but it is said that in Germany this paper stock is 
sometimes used to the extent of 90 per cent. 
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Loading. — Sizing. — Frenct Method of Praparing Engine Size. — Zinc 
Soaps in Sizing.. — Colouring. — Aoimal or Tub-Sizing. — Prepamtion 
of Animal Size —American Method of Sizing,— Msfhine-SiBing.— 
Doublo-aized Paper.— Mr. Wyalt'a Eemarks on Sizing. 

hooding, — Tho very finest qualities of paper are usually 
made without the addition of any loading, as it is called, 
hut for most other papers more or less loading material is 
added, according to &e quality of paper to be produced. 
The loading material used for ordinary qualities is kaolin, 
or china clay, and for the better qualities Bulphate of lime 
or pearl hardening, as it ia teimod in the trade. China clay, 
as it occurs in commerce, is in the form of soft lumps and 
powder, is nearly white, and when rubbed between the 
finger and thumb should present no hard particles of gritty 
matter. To prepai'e it for mixing with the pulp it ia first 
worked up into a thin cream with water, which is usually 
done in a vessel furnished with an agitating arrangement 
by which the clay becomes intimately mixed with the 
water. The cream is then strained through a fine sieve 
to separate any impurities present, and is then allow^fxi to 
flow into the beating-engine containing the stuff while in 
motion, by which it soon becomes mingled with the pulp. 
The proportion of china clay or other loading material 
which is to be introduced into the pulp depends upon the 
quality of the fibre and the requiremeuta of tho mauufuu- 
turer, some makers using less of the material than others. 
From 'A per cent, to 10 or lo per cent, appears to be about 
the extreme range for employing the mitterial as a neces- 
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sary ingredient in the production of various clasaea of 
paper, above which figures the addition of loading material 
may be considered aa an adulteration. Sometimes nearly 
twice the largest amount named is employed, no doubt to 
meet the exigences of keen competition — from foreign 
sources especially. 

One effect of the loading, whether it be china clay or 
sulphate of lime, is to close the pores of the paper, 
whereby a smoother surface is obtained, while at the same 
time, if the material has been used in proportions suited 
to the quahty of the iibre, and not in immoderate excess, 
a stronger paper is produced. A species of asbestos termed 
agalite has been introduced as a loading material, and since 
it has a fibrous texture, it blends with the fibres of the 
pulp, forming, as it were, a vegeto -mineral paper. It is 
stated that as much as 90 per cent, of the agalite used in 
the boating- engine enters into the manufactured paper, 
while not much more than half the china clay used is held 
by the pulp. 

Sisin^. — " Engine sizing," as it is termed, consists in 
adding certain ingredients to the pulp while in the beating- 
engine. The materials generally used are alum and resin 
soap, in proportions suitable to the paper to be produced. 
Resin soap is formed by boiliug ordinary resin in a 
jacketed pan such as ia used by soapmakers for preparing 
small quantities of fancy or other soaps, with a solution of 
soda crystals in the following proportions : Resin, 16 lbs. ; 
soda crystals dissolved in water, 8 lbs. ; and the boiling ia 
kept up for about two hours, or until a aoap is produced 
which is perfectly soluble in water. The method of pre- 
paring this soap as conducted at the soapworks has been 
describedin the author's work on soap-niaking,*p. 64, from 
which the following abstract is taken : " Put into a pan 
capable of holding about 13 gallons, 2^ gallons of fresh 
caustic soda ley at 30° B. Apply gentle heat, and when 
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the iey begins to boil tbrow in, every few minuteB, in 
Bmall quantities at a time, finely powdered and sifted reeiii 
until 37 lbs. have been introduced. The mixture must be 
well stirred the whole time to prevent the resin from 
' clogging ' and adhering to the pan. It is important to 
moderate the heat, as the resin soap has a great tendency 
to expand and an excess of heat would cause it to boil 
over. The heat, however, must be kept to near the boil- 
iiig point, otherwise the muss will become thick and of a 
very dark colour. When kept at nearthe boiling point it 
is always clear and its colour of a reddish yellow. If, 
during the boiling, the resin soap rises and threatens to 
overflow, the beat must be cheeked by throwing in a Kttle 
cold water, only using sufficient to effect this object. It 
■is absolutely necessary to stir the mass continually, other- 
wise the resin will agglomerate in masses and thus prevent 
the alkali from acting fi-eely upon it. The boiling takes 
about two hours, when the soap is run into an iron frame 
and allowed to cool. It is very important that the resin 
used is freed from particles of wood, straw, etc., for which 
purpose it should be passed through a tolerably fine 
sieve." 

Respecting the preparation of resin soap, Davis says : — 
" The proportion of resin used to each poimd of soda ash 
varies in different mills, 3, 4, or even 5 lbs. of resin being 
used to each pound of soda ash. The proportion of resin, 
soda ash, and water, can be best determined by practical 
experience, as no prescription could be devised which 
would be suitable to every case. M. d'Arcet, who modi- 
fied the proportions recommended by M. Bracconot, 
recommends for the preparation of resin soap — 



Powdered resin 

Uoda cryBlala at 60° (FreDch alkulimeler) . 
WatBr 



Theoretically speaking, only 2'45 parts of alum would be 
required to precipitate the resin ; but the waters, which 
are almost always calcareous, neutralise part of the alum. 



SNGmE SIZING. 117 

Crystals of soda are much, more expensive than soda ash, 
but on account of their greater purity they are ^sometimes 
preferred to the latter. At the present day the resin soap 
ia preferably made by dissolving ordinary reain with a 
solution of carbonate of soda under boiling heat in a steam- 
jacketed boiler, the class of paper to be made governing 
the quantity of resin to be employed. The boiling usually 
requires from two to eight hours, according to the rela- 
tive proportions of soda ash and reain used — the greater 
the proportion of soda used the less time is required for 
hoUing — the process being completed when a sample of the 
Hoap formed ia completely soluble in water. , . . About 
'i lbs. of resin to 1 lb. of soda is the usual proportion. The 
resin soap is cooled after boiling by running it into iron 
tanks, where it is allowed to settle, the soap forming a 
dense syrup-like mass, and the colouring matters and 
other admixtures of the resin rising to the top are easily 
removed. It is important to run off the mother liquor 
(ley) containing the excess of alkali, for when the soap is 
used it consumes the alum to neutralise it." 

Wlien the impurities and ley have been removed the 
soap is dissolved in water, and if, from imperfect boiling, 
a portion of the resin is found not to have been saponiiied, 
a small quantity of a strong solution of soda crystals ia 
added to the water used for dissolving the soap. 

Where starch is used for stiffening purposes, the soap is 
mixed with a quantity of starch paste in the proportion of 
1 \ part of starch to 1 part of resin soap. Some manufac- 
turers, Mr. Davis states, mix the starch paste with the 
kaolin in lieu of mixing it with the resin soap. In either 
case the materials should be thoroughly strained before 
being added to the pulp. From 3to 4 lbs. of the mixture 
of resin soap and starch paste to each 100 lbs. of dry pulp 
are about the proportions in which the size is generally 
used, but the quantity added to the pulp in the beater de- 
pends upon whether the paper is to be soft-sized or hard- 
sizing is chiefly applied to papers which are to be writ- 



teffupon with ordinary inks, and also, with a few excep- 
tions, to printing papers, the object teing to close the 
pores of the paper and render it non-absorbent, by which 
the spreading or running of the ink is efiectually pre- 
vented. While the finest lines may be written upon a 
well-sized paper (as ordinary writing paper, for example) 
without spreading in the least degree, a similar stroke oi 
the pen upon blotting paper, tissue, or unsized printing 
paper would spread in all directions, owing to the highly 
absorptive property of the cellulose. 

The sizing of the pulp is conducted as follows : — After 
the loading material has been introduced and well mixed, 
the resin soap, previously dissolved in water, a Utile 
carbonate of soda being sometimes added, ia mixed with a 
paste of starch prepared by dissolving starch in boiling 
water, and ihe mixture of soap and starch is then passed ; 
through a fine sieve to keep back any particles or lumps 
that may be pi-esent. The proportion of the materials ^ 
used in sizing vary at the different mills, each miinufacturer 
having formulte of bis own ; about 1 part of resin size to 
3 of starch paste, and, say, from 9 to 12 lbs. of the mix- 
ture, may be used for 300 lbs, of pulp ; and, if preferred, 
the respective ingredients may be put into the engine 
separately, a method adopted at some mills. Some manu- 
facturers of the finest papers, instead of dissolving the 
starch in hot water, make it into a thin paste with cold 
water, in which condition it is introduced into the pulp, 
the object being to impart to the paper a particular 
feeling to the touch which is not obtainable by otber 
means. 

The mixture of resin size and starch paste, with or 
without the addition of wat«r, is added to the pulp in the 
beater, in which the pidp is circulating, and the engine 
allowed to run until the materials are well incorporated in 
the pulp. At this stage a solution of alum (about 28 to 
30 Ibfi. for ^00 lbs. of pidp), or of sulphate of alumin a, 'is 
introduced, which causes the resiu soap to become " sepa- 
• SometimeB Mlled " concputnited alum," "pearl alum," etc. 
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rated," the sulphuric acid of the alum uniting with the 
alkali of the soup and setting; the resin and alumina free 
in the form of minute particles ; the resin in the subse- 
quent drying on the calenders becomes fused, as it were, 
and thus cements the fibres and alumina together, at the 
same time rendering them non-absorbent and improved in 
whiteness by the precipitated alumina. Sometimes ordi- 
nary soap ia added to the reain soap, which ia said to 
impart a higher finish to the paper in the operation of 
calendering. 

The so-called " concentrated alum," which contains 
a higher percentage of sulphate of alumina than the 
crystallised alum, ia considered tho moat economical in use, 
being proportionately cheaper, and the variety known as 
"pearl alum" is specially recommended. "Aluminous 
cake" is another preparation which has found favoui' in 
many mills, but since it sometimes contains a large excess 
of free sulphuric acid it requires to be used with caution. 
since this acid, although it will brighten the colour of ■ 
some aniline dyea, will discharge the colour from others, 
while at the same time it may injuriously affect the brass- 
wire cloths of the paper machine. The alum solution 
nhould be prepared in a lead-lined tank, fitted with a steam 
pipe for heating the contents when required. 

The proportions of the materials used in sizing differ 
considerably in different mills, biit tho following may be 
taken as an average for common writing and printing 
papers : — 

Pel lOD parts of dried pulp 10 to 12 parts of reain. 



To the sizing solution is generally added from 30 to 50 
parte of kaolin. When a colour ia present on which alum 
would have a prejudicial effect this is usually replaced by 
about one-third of its weight of sulphate of zinc. Many 
mineral substances have from, time to time been added to 
paper stock, principally to increase its weight, and i 
1858 Sholl took out a patent for adding carbonate of lime, 1 
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a HiibstaDce which, however, had long been fraudulently 
used in order to increase the weight, but he found it to 
have the property of fixine the ink in the pores of the 
paper, thus rendering it immovable. The only useful 
addition is kaolin, or some similar aluminous compound, as 
it attaches itself to the fibre, and, while giving the required 
opacity and a good surface, takes both printing and writing 
ink well, and has the advantage, from a manufacturer's 
point of view, of increasing the weight. It has been 
proposed that small quantities of glycerine be added to 
the pulp, in order to give the paper greater flexibility, and 
especially to give copying-paper the quality of taking up 
colour readily.* 

FreudL Hetliod of Freparing Engine Siae. — Thirteen 
pails of water are boiled in a copper- jacketed pan capable 
of holding about 150 gallons ; 90 lbs. of soda crystals are 
then introduced and allowed to dissolve, when 200 lbs. of 
finely- powdered resin are gradually introduced, with con- 
stant stirring, and the boiling is sustained for about two 
hours after the last portion of resin has been added. A 
further addition of water is now made by putting in five 
paile of cold water, and the water is then boiled for an 
hour and a half longer. The resin soap is then transferred 
to stock-chests, in which it is allowed to remain for ten 
days or longer, fresh batches being prepared in rotation, 
to meet the requirements of the mill. 

To deteimine whether an excess of resin soap or of 
alum has been added to the pulp, red and blue litmus 
papers should be employed, the former turning blue if an 
excess of resin soap be present, and the latter red when 
alum or sulphate of alumina is in excess. For uncoloured 
papers the aluminous material should be added until the 
pulp becomes faintly acid, which will bo indicated by the 
blue litmus paper turning slightly red when immersed in 
the pulp. 

Besides resin soap, various substances have been pro- 
posed aa sizing materials, including wax dissolved in a 
' Muspratfa " Churoistiy Applied to thci Arta." 
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mg solution of caustic soda and precipitated with alum, 
the cost would be an objection to the use of this mate- 
rial except for the highest classes of paper. It is stated 
that 12 lbs. of gum tragacanth to each 500 Iba. of resin has 
been used in preparing some kinds of engine-sized papers, 
and is said to impart to them an appearance equal to that 
of tub -sized papers. 

Zinc Soaps in Sizing. — Aceordingtoapn.ragraphinthe 
Papermakerh' Monthly Journal, a somewhat novel method 
of sizing is employed in GermttDy,which consists in the pre- 
cipitation in the stock of zinc soaps. Cottonseed oil soap 
or Castille soap is worked up in the engine with the stuff, 
and after it has become well mixed with the pulp a solu- 
tion of sulphate of zinc is added, which results in the 



formation of a white and heavy z 
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luble, and adheres well to the fibres- The weight and 
whiteness of the zinc soap are the main points in favour 
of this method, which ia said to yield good resiilts. 

Colonrisg.^ — The pulp, after passing through the various 
processes described, although apparently white, invariably 
presents a yellow tinge when converted into paper. To 
obviate this it is usual to " kill " the yellow tint by adding 
to the pulp small quantities of blue and pink colouring 
matters. The blue colours generally used are ultramarine, 
smalts, and various aniline blues, and the pinks are usually 
prepared from cochineal, either in a Uquid form or as 
"lakes" [compounds of cochineal and alumina) or aniline 
dyes, the former being preferable, as it is not injuriously 
affected by the alum used in sizing. The ultramariue 
should be of good quality, otherwise it will become decom- 
posed, and its colouring property destroyed by the action 
of the alum, but more especially so if the alum contains 
an excess of free acid. Smalts blue, which is a kind of 
coloured glass, is not affected by acids. In preparing the 
colouring matters for mixing with the pulp they must 
first be mixed with water, and the liquid should then be 
trained, to keep back any soKd particles that may be pre- 
tnt in the material. Aniline blues should be dissolved . 



in hot water, or alcohol, and then diluted. Samplee of the 
pulp are examined from time to time until the deeired 
effect is produced, which the pructised eye of the beater- 
man can i'ea<iily determine. 

Animal or Tub-Bizing-— Another process of sizing, 
termed "aniraal-sizing," " tub-sizing," or " surface-sizing," 
is also adopted in the manufacture of certain classes of 
paper, and is either accorapKshed by hand or on the ma- 
chine. The former method having been elsewhere described 
(p. 1 32} we will now describe the operation of sizing on the 
machine, to which the term tub-sizing is also applied. The 
size employed, which is prepared from what arc called 
"glue pieces," or clippings of "limed" and imhaired 
skins of animals, requires to be as colourless as possible, in 
order that the coloui' of the paper may not be injuriously 
affected by it. 

Frepaxatioii of Animal Sise. — This operation is gener- 
ally conducted at the mill, the materials from which the 
size is produced being the cuttings or parings of animal 
skins and hides, or pe/ts, which have undergone the pro- 
cesses of " liming " and imhairing preparatory to being 
tanned. The cuttings, or paieS, commonly called " glue 
pieces," are first soaied in a mixture of lime and water, 
placed in large tubs for several days, after which they are 
put into a wooden cylinder, or drum, five or six feet in 
diameter, and about ten feet in length, which revolves upon 
a horizontal shaft, which, being hollow, admits the passage 
of water to the interior of the drum. The drum is per- 
forated, and revolves in a large tank, whQc a continuous 
stream of water is allowed to pass through it, and the 
dirty water escapes through the perforations in the drum. 
When the cuttings are aiifficiently cleansed in this way, 
they are transferred to an iron copper, furnished with a 
false bottom and ateam-pipe, or a jacketed pan. The 
cuttings are next covered with water; steam is then turned 
on, and the liquid brought to a temperature below boiling 
point, or say, about 180° to 190" F,, it being very im- 
portant that the liquid should not actually boil. This 



operafion is carefully kept up for twelve to sixteen hours, 
according to the nature of the cuttings, by which time all 
the material excepting any membranous or fatty matters 
that may be present, will have become dissolved and a 
solution of geliitine obtained. The liquor is then aUowed. 
to settle for a short time to allow fatty matters to rise to 
the surface and membranous substances to deposit, and the 
fatty matters must afterwards be carefully removed by 
skimming. The liquor should next be straiued to separate 
any floating particles of a membranous character. Some- 
times the gelatine solution is clarified by adding a small 
quantity of powdered Kme, which is thoroughly mixed by 
stirring, after which it is allowed to rest. When it is 
found that the impurities and lime deposit too slowly, a 
little weak aulphujic acid is added, which, forming an 
insoluble sulphate of lime, the solid matters quickly sub- 
side, leaving the liquor quite clear. The solution is next 
filtered through felt, and is afterwards treated with a 
solution of alum, which at first causes the liquid to thicken 
and become nearly solid, but it becomes fluid again, how- 
ever, on the addition of more alum solution. Wben this 
condition is finally attained, the Kquid is ready for use in 
the process of sizing. The addition of the alum (which 
should not contain any free acid) to the gelatine greatly 
improves its sizing property, besides preserving it from 
decomposition. The treatment of the glue pieces for 
the purpose of obtaining gelatine solutions is fully de- 
scribed in the author's work on "Leather Manufacture," 
p. 401." 

.American SCetliod of Sising. — Another method of pre- 
paring size, and which is adopted in America, is the follow- 
ing : — In large paper miUs the size is generally prepared in 
a room devoted to the puipose, and is commonly situated near 
the machine. The finest grades of light hide and skin clip- 
pings are used for No. 1 letter papers, but less costly stock 
ia employed for the lower grades of animal-sized papers. 

■ Watt. Crosby 
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machine -sizing, which is "also called tub-sizing, the former 
being applied to papers of the finest quality. Papers that 
have beeu made by the machine, after being cut into 
sheets, are hand-sized, as described in the next chapter. 

Machine -Bizmg.^The lower-priced papers, to be ma- 
chine-sized, are first partly drial over a few cylinders, 
after which the paper passes through a tank containing 
liquid size, from whence it passes between two rollers, 
which squeeze out the superfluons size ; it is then wound 
on to a reel on which it remains some time to enable the 
size to thoroughly permeate the paper, after which it ia 
wound on to another reel, and from thence it passes over a 
series of wooden drums or cylinders, each of which is 
furnished with a revolving fan ; by this means the paper 
becomes dried slowly, whereby a more perfect sizing of the 
material is effected. 

Donbls-Bised Paper. — This term ia applied to paper 
which, after being sized in the engine in the usual way, is 
afterwards " sui'face sized," as it is called, with animal size 
in the manner described. 

Respecting the drj-ing of paper after it has been tub- 
sized there seems to be some difference of opinion as to 
whether it is best to hang it in a loft to dry or to dry it 
over the cylinders of a drying machine. Upon this point 
the New York Paper Trade Journal makes the following 
remarks : — " When the paper is passed through the size- 
tub, it is again wet ; the fibres expand, and their hold on 
each other is relaxed. Now it must make a difl'erence to 
the subsequent strength and quality of this paper whether 
it be hung up in a loft to dry or run over a drying ma- 
chine. If it ia hung in the loft no strain is put upon it 
and the fibres are at liberty to shrink, or slowly contract, 
in all directions ; whereas if it is run over a drying 
machine, consisting of from 50 to 100 reels, the longitudini 
strain prevents the fibres from shrinking and reassuming 
their normal position in that direction. Attempts have 
boon ma^c to obviate this defect by regulating the speed 
of each section of the machine in such a manner ua to 
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allow for the shrinking, but thia only remedioa the evil by 
prevenlang the paper from breaking as it travels over the 
machine. Everything else being equal, it would seem that 
loft-dried paper muat bo superior to that dried over the 
drying machine. Our home maniifacturerB endorse this 
view, inasmuch aa they continue to prefer the aystem of 
loft-drying to the less expensive machine methods." 

Mr. Wya-tt's Bemarks on Sising. — Mr James W. 
"Wyatt, in a paper on the "Art of Paper-making,"* 
makes the following obBervations on engine-sizing and ani- 
mal-sizing which will be read with interest : — "Engine- 
sizing renders the paper fully as non-absorbent as animal 
size. The latter penetrates the sheets only slightly and 
forms a coating or skin on each surface, whereas the 
engine size surrounds each fibre and impregnates the 
whole mass. Surface- sizing, however, produces a stronger, 
firmer sheet, and is smoother for the pen to travel over ; 
the manufacturer also gets the benefit in the price of the 
paper of the additional weight of the size, amounting to 
7 per cent, on the average. On the other hand, as the 
animal size is mostly a skin on the surface, if the coating 
be broken anywhere by the use of a knife in scratching, 
the paper will only imperfectly resist ink in that place, a 
great disadvantage for account and ofiice-books and ledgers. 
Engine-sized paper is moch cheaper to produce than animal 
sized, and is therefore used principally for the -lower 
qualities of writings and for almost all kinds of printings 
where finnnesa and smoothness is not so much a desidera- 
tum. Most tub-sized papers have a certain portion of 
engine size mixed with the pulp. This not only ensures 
the thorough sizing of the sheet, but also is a measure of 
economy in reducing the absorbing power of the paper for 
the animal size. Papers for ledgers and office- work are best 
given an extra proportion of engine size to ensure their 
ink-resiating properties, and they are also sized by hand 
in animal size and loft dried." The following rough 
estimate of the comparative cost in materials and wages 

• "Proceedings of the Society of Civil EiiginaerH," vol. lixii. p. 24S. 
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of engine-sizing and animal-sizing paper ma\ be oi 
interest : 

Engine-sizmg, per 20,000 lbs. : — 

£ 8. d. 
Material . .520 
Wages ... 12 6 

d. 

Total . .£5 14 6 Cost per lb. = 0068 

Animal-sizing, per 20,000 lbs. : — 

£ 8. d. 
Materials . 36 

Wages . . 4 10 

Total . . £40 10 



CHAPTER XII. 
MAKING PAPER BY RAND. 

The Vat and Mould.— Making the Paper. — Bmng and Finishing. 

Undek the old system of malmig paper by hand, the rags 
were reduced to a fine state of division by a process of 
retting, or slow putrefaction. The raga were first washed 
in water, and then piled in heaps, in which condition they 
were allowed to remain until they became tender, that is, 
readily pulled asunder by the fingers. During the decom- 
position the rags not niifrequently became rotten in some 
portions of the heaps, thus involving considerable loss of 
fibre. The rags were 'next placed in a strong chest, in 
which iron-shod stamping rods were fitted, and these 
by their continued action gradually reduced them to a 
pulp. The stampers were eventu^y superseded by the 
beating-engine, the invention of a Dutchman, which 
received and still retains the name of the " Hollander." 
Other machines, as the duster, washing and breaking 
engines, and the beating engine,, have entirely taken the 
place of the older syatem, which required the work of forty 
pairs of stamps for twenty-four hours to produce one 
hundredweight of paper. 

The Vat and Mould. — The pulp being prepared, is 
■ conveyed from the beaters to the working vat, where it is 
diluted with water. Tho vat is a wooden or stone vessel 
about 5 feet square and 4 feet deep, being somewhat wider 
at the top than at the bottom. A steam-pipe is supplied 
to the vat, so that the pulp and water may be heated to 
a convenient temperature for working, and an agitator is 
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also fumiahed to keep the pulp and water uniformly 
mixed. The mould in which the pulp is raised from the 
vat to form a sheet of paper, consista of a wooden frame, 
neatly joined at the comers, with wooden hiira running 
across, about 1^ inch apart, and flush with the top edge 
of the frame. Across these again, in the length of the 
frame, wires arc laid, about fifteen or twenty in an inch, 
which are placed parallel to each other, A series of 
stronger wires are mid along the cross-bars, to which the 
other wires are fastened ; these give to what is termed 
" laid " paper, the ribbed or " water-marked " lines 
noticeable in hand-made paper. Upon the mould is fitted 
a movable frame, called the deckle or deckel, which must 
fit very neatly or the edges of the paper will be rough. 
The mould and decide form together a kind of shallow 
tray of wire. Sometimes the mould is divided by narrow 
ribs of wood, so that two or four sheets of paper may be 
made in one operation. Connected with the vat is a slant- 
ing board, called the bridge, with copper fillets attached 
lengthwise upon it, so that the mould may slide easily 
along the bridge. 

MakiiigtliePaper.^Whenpreparingforworh, the vat- 
man stands on one side of the vat, and has on his left hand 
a smaller board, one end of which is fastened to the bridge, 
while the other rests on the side of the vat. An assistant, 
called the coucher, is at hand, whose duty it is to handle 
the frames or moulds containing the pulp after they 
have passed through the h^nds of the vat-man or maker. 
The latter now takes in his hand a mould, and lays it 
upon the deckle ; he then dips the mould, with its deckle 
in ita proper place, into the vat of agitated pulp, and lifta 
up as much of the pulp ua will form a sheet of paper. 
ITiis, as will be i-eadily seen, requires the greatest dex- 
terity, since the workman has nothing but his sense of 
feeling to guide him. It is said, however, that practice 
gives him such a nicety of feeling in this respect that he 
can make sheet after sheet of the largest-sized drawing 
papers with a difierence in weight of not more than one 
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OF two grains in any two of them. Great skill ia also 
required to hold the mould in a perfectly horizontal posi- 
tion, otherwise during the felting and settling of the pulp 
the sheet of paper would be thicker on one part than 
another. The mould being held lengthwise, that ie, with 
the long parallel wires running fi'om right to left hand, he 
gives tbe mould a gentle shake from his chest forward 
and back again, which is called ih.^ fore- right shake; this 
shake takes place across the wires, not in the direction of 
their length. He next gives a shake from right to left, 
and back again, the respective movements thus propelling 
the pulp in four directions. The vat-man now pushes the 
mould along the small board on his left, and removes the 
deckle, which he coimects to another mould and proceeds 
to form another sheet of paper, and so on. The coucier, 
taking the first mould in hand, turns it upside down upon 
a piece of woollen felt-cloth, then removing the mould, 
he takes another piece of felt and lays it over the sheet 
and returns the raoiJd by pushing it along the bridge to 
the vat-man, when he receives in return a second mould 
to he treated as before. 

In the above way felta and paper are laid alternately 
until a pile of six or eight quires is produced, which is 
afterwards submitted to pressure in a very powerful press. 
When sufficiently compressed, the machine is relaxed, 
and the felts are then drawn out, on the opposite aide, 
by an operative, called a layer, who places the felts one by 
one upon a board, and the sheets of paper upon another 
hoard. The coucher then uses the felts again for fur- 
ther operations. Two men and a boy only are employed 
■ in this part of the work. In the evening all the paper 
made during the day ia put into another press, and sub- 
jected to moderate pressure to obliterate the felt marks 
and expel a further portion of the water. On the fol- 
lowing day the paper is all separated, which is called 
parting, again pressed, and is then transferred to the 
drying-loft. The drying ia effected by suspending the 
sheets of paper upon a series of rop^s, attached to wooden 



supports ; ropes of cow-hair are used for the purpose, as 
thia miiteriul does not stain the paper. 

Sizing and Finishing, — When the paper is dry, it is j 
taken down and laid carefully in heaps ready for sizing, 
which is the next operation to which the paper is sub- 
jected. The preparation of the size from animal skins, 
etc., is described in Chapter XI. When preparing to 
size the paper, the workman takes several quires of the 
paper, and carefully spreads the sheets out in the liquid 
size, which is placed in a large tub, taking care that each 
sheet is unifonaly moistened before introducing the next. | 
The superfluous size is afterwards pressed out, and the i 
paper then "parted" into separate sheets, which are 
again subjected to pressure, and finally transferred to the ' 
drying-room, whore they are allowed to dry slowly. When i 
dry, the paper is conveyed to the finishmg-house, to be 
again pressed and looked over .by women, who, being 
furnished with small knives, pick out knots and other" 
imperfections and separate the perfect from the imperfect 
sheets. The paper ia now again pressed, and then 
handed to the finisher, to be counted into reams and packed , 
the reams being afterwards pressed and finally tied up 
and conveyed to the warehouse for sale. When the paper 
is required to be hot-pressed, this is done by placing each 
sheet of. paper alternately between two smoothed sheets of 
pasteboard, and between each group of fifty pasteboards 
is placed a hot plate of iron, and the pile then submitted 
to heavy pressure, whereby the surface of writing paper 
acquires a fine, smooth surface. ■ 




The FourdriDior Machine. — BertramB' Large Paper Machine. — Stuff 
Oheata.— Strainers.— Eevolring Strainer and Kaotter.— Self -clean - 
Hing Strainer.— Hoeckrier'a Pulp Strainera.- The Machine Wire and 
its Aocesaories. — Conical Pulp Sftvcr. — The Dandy Eoll.— Water 
Marking. ^De la Rue's Improyeraenta in Water- marks. — Suction 
Bojces.— -Couch Rolla. — Press Rolis. — Drying Cylinders.- -Smoothing 
Rolls.— Single Cylinder l^Iachine. 

Tbe Fonrdrmier Maclii&e. — It ia just ninety years since 
LouiB Robert, a Frenclimaii, devised a machine for making 
a continuous web of paper on an endless wire-cloth, to 
which rotary motion was applied, thus producing a sheet 
of paper of indefinite length. The idea was aubaoquently 
improved upon by Messrs, Fourdrinier, who adopted and 
improved upon M. Robert's machine, and with the valuable 
aid of Mr. Bryan Dentin, a young and giff«d machinist, 
in the employ of Mr. Hall, engineer, of Dartford, con- 
structed a self-acting machine, or working model, in 1803, 
which, from its effectiveness and general excellency of 
workmanship, created at the time a profound sensation. 
This machine was erected at Frogmore, Hertfordshire ; 
and in 1804 a second machine was made and put up at 
Two-Waters, Herts, which was completely successful, and 
the manufacture of continuous paper became one of the 
most useful and important inventions of the age. From 
that period the " Fourdrinier," with some important im- 
provements Lutroduced by Mr. Donkin, gradually, but 
' surely, became estabHehed as an absolutely indispensable 
_^™clune in everv paper-mill all over the world. Although 
li machine has been still further improved from time to 
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time, thoHe of receut construction differ but little in prin- 
ciple from the original machine. An illustration of the 
machine is shown in Fig. 25, the detailed parts of which . 
are expressed on the engraving. 

Bsrtxuns' Lar^o Paper Uochme. — The principal aim 
in the construction of the paper-making machine has been 
to imitate, and iu some particnlars to improve, the operations 
involved in the art of making paper by hand, hut apart 
from the greater width and length of paper which can be 
produced by the machine, the increased rapidity of its 
powers of prodnction are so great that one machine can 
turn out as ranch paper in three minutes as conld be 
accomplished by the older system in aa many weeks. The 
drawing represents the modem paper-machine as manu- 
facture by Bertrams, Limited, who suppHed one of these 
machines to Mr. Edward Lloyd, for the Baihj Chronick 
Mill, at Sittingboume, which runs a wire 40 feet long by 
126 inches wide, this being, we believe, the largest and 
widest paper-machine in the world. It is provided with 20 
cylinders, chilled calenders, double-drum reeling motion, 
with slitting appliance for preparing webs to go direct to 
the printer's office without the assistance of a re-reeling 
machine, and is driven by a pair of coupled condensing 
steam-engines. O^- oiir recent visit to Mr. Lloyd's mill 
we were much struck with the excellent working of this 
splendid machine. 

In the illustration, as will be seen, there are two sets of 
drying cylinders, while email cyUnders, or felt drying-roUs, 
from 16 to 24 inches in diameter, are introduced to the 
felts of the cylinders, before the smoothing- rolls, which 
discharge the moisture with which the felts are impreg- 
nated from the damp paper, whereby a considerable saving 
in felts is effected. Messrs. Bertram state that the highest 
speed yet attained has been by their own machinery, and 
is 270 feet of paper per minute. 

The progress of the piilp after it leaves the beating- 
engines for conversion into paper may be described as 
follows : — The valve at the bottom of the beating-engine 
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is opened, when the pulp flows through a pipe into the 
Btuff-chests, whioli are generally situated below the level 
of the engines. The beaters are then rinsed with clean 
water to remove any pulp that may still cling to them, 
the rinsing water passing also into the stuff -chests. 

StuScliesta.^These are large vessels of a cylindrical 
form, so tbat the pulp may bnve no comers to lodge in, 
and are generally made. of wood, though sometimes they 
are made of caat-iron plates bolted together. The chests 
are of various dimensione, according to tbe requirements 
of the mill, being usually about 12 feet in diameter and 
6 feet deep, having a capacity for 1,000 to 1,200 lbs. of 
stuff. To keep the pulp well mixed in the stuff-chest, of 
which two are usually employed for each machine, a ver- 
tical shaft, carrying two horizontal arms, each extending 
nearly across the interior of the chest, are provided, which 
are only allowed to revolve at a moderate speed, that ia, 
about two or three revolutions per minute, otherwise the 
pulp would be liable to work up into knots, and thua fonn 
a defective paper. Motion being given to the shaft, the 
rotating anna keep the pulp and water uniformly mixed, 
at the same time preventing the pulp from sinking to the 
bottom of the stuff-chest. 

The pulp is next transferred to a regulating box, or 
" supply box," bv means of a pump called the stuff-pump. 
The regulating-tox, which has the effect of keeping a 
regular supply of pulp in. the machine, is provided with 
two overflow pipes, which carry back to the stuff-chests 
any superfluous pulp that- may have entered them, by 
which tbe stuff in. the regulating-box is kept at a uni- 
form level, while tbe machine is supplied with a regular 
and uniform quantity of the diluted pulp. The stuff- 
pump convoys the pulp through a valve in the bottom of 
the regulating- box in a greater quantity than is actually 
required, the superfluity returning to the stuff-chests by 
the overflow pipes ; thus the eupply-box, being always 
kept full, fumidies a regular and ujiiform supply of pulp 
to the eand-tahles, or sand-traps as they are sometimes 
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called. Sartd-tabks are large wooden troughs, vary- 
ing in size at different mills, but Mr. Dunbar gives the 
following proportions for a first-class sand-trap ; namely, 
14 feet long by 8 feet wide, and 8 inches deep. The 
bottom of the trap is covered with felt, sometimes old first- 
press felt being used, and is divided into several compart- 
ments by thin bars of lead or iron, or strips of wood, 
which keep the felt in position, and also retain any par- 
ticles of sand or other heavy solid matter that may be 
accidentally present in the pvdp. For the purpose of 
diluting the pulp for the machine, there is, attached to 
the inlet of the sand-traps, a box with two supply-taps, 
one for the delivery of pulp, and. the other for water; 
and these being tuiTied on, the pulp and water flow over 
the sand-traps, and the diluted pulp then fuUs into the 
strainers, which, while allowing the fine pulp to pass 
freely, keep back all lumps of twisted fibre, and paiiicles 
of unboiled fibre, which latt€r, if not removed, would 
appear as specks on the surface of the finished paper. 

Tlie Btriuaers are formed of brass or bronze plates, in 
which are cut a very large number of narrow slits, which 
gradually widen downward, so as to prevent the pulp from 
lodging. Each plate has about 510 slits, and several 
plates, connected together by bolts, constitutes the com- 
plete strainer. When in use, the strainer receives a 
jogging motion, which is communicated to it by means 
of small ratchet wheels keyed on shafts passing be- 
neath the machine; this causes the fibres to pass more 
freely through the slits. There are many different forms 
of strainers, which have been the subject of numerous 
patents. It will be sufficient, however, to give one or two 
examples of improved strainers which have been more 
recently adopted by manufacturers. 

ZLflTalving Strainer B.nd Knotter. — The revolving 
strainer, which was invented by the late senior partner in 
the firm of Messrs. G. and W. Bertram (now Bertrams, 
Limited), has since been extensively adopted, and the 
present firm have introduced a patent knotter in conjunc- 
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tion with the apparatus, the complete arrangement of which 
is shown in Fig. ,26, The standard size for these revolv- 
ing strainers is 7 feet long by 18^ inches wide on each 
side of the four surfaces. The vats are of cast ii-on, and 
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the apparatus is supplied with driving gear, bellows, regu- 
lating hoxes and spouts, as necessary. The firm also supply 
these strainers with White's patent discs, and Annandale 
and Watson's arrangement. a a are two revolving 
etrainers, as applied to the paper-machine, showing gear- 



SELF-CLEANSING STRAINER. 



ing for strainers and bellows, n is the patent knotter a 
for two strainers, c is the coimter-shaft overhee ' 
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D D is tLc back shaft of tlie machine, and e e the v 
the paper -machine. 
Self^leanaing Strainer. — The same firm also iatro- 
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duced this form of strainer, an illustration of whicli is 
given in Fig. 27. The action of the Btrainer is described 
tia follows : — 

The pulp flows on to the strainer at A, and passes away- 
through the pipes b a. At c is a valve for the diHcharge 
of waste pulp. The strainer plates have an inclination of 
about 1 inch in the direction of their length, and in those 
which are nearest to a, where the pulp enters, the alits are 
wider, the knots being pushed forward hy the energy of 
the flow. The vacuum pumps, d d, are worked from the. 
shaft E. The tubes ff are for supplying water to the 
plates, hy which the coarser particles of the pulp are 
pushed forward, and the slits are thus kept clean. The 
strainer will pass from 18 to 20 tons of the finest paper 
per week. 

Soeokner'a Pulp Strainers. — This iuvention consists in 
constructing boxes with one or both ends open forming 
the strainers fixed or to shde m or out so as to be readily 
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cleaned. One or more fans are fitted in these boxes, and 
are put in motion from the outside, soas to cause what is 
called " suction " through the strainers. One or a num- 
ber of such boxes, are fixed into a vat, the open ends dis- 
charging the pulp which has passed through the strainers 
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to the paper-machine, and can he so arranged that all tho 
fans are worked on one shaft. The vat may be divided 
into compartments, so that the stuff flows from one to tliK 
other. Instead of boxes, the strainers may be formed of 
tubes, in which suitable sHts or perforations have been 
provided. The tubes will be perfectly closed at one end, 
and the strained pidp, after passing through them, will be 
delivered to the paper-machine from their open ends, 
which may fit into a ring, so that when cleaning is re- 
quired they may he easily lifted out or in. The suction is 
provided inside these tubes by the fans, which are oscillated 
by suitable gear from the outside of tlie vat. The strainers 
may, instead of being stationary, he attached to the fans 
and oscillate with them, in which case the open, ends 




would have to be attached to the vat by an indiambber or 
(.'loth ring, or the strainers may oscillate whilst the fans 
are stationary. Any number of these strainers may be 
fixed into vats, disposed vertically or otherwise. In the 
vat A, Fig. 28, which receives the pulp to be strained, are 
several tubes, p^p, with one end open, having shts in them 
similar to strainer plates. Inside of these are two, three, or 
more plates,./'// Fig. 29, running the full length of the 
tube fixed to the shafts, s s s,.and to the sides of the tubes, 
which serve as fans, besides giving strength to the tubes. 
The shafts s s « are carried in bearings at each end, and 
have each one end projecting through, upon which are 
keyed levers, A A A, which, being connected to a rod r, 
worked by an eccentric, e, at the end, gives an oscillating 
motion to the 'tubes and funs. Any number of tubes may 
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be in the vat, and may eitlier work separately or divided. 
With several tubes it is preferable to have them arranged 
as shown in the drawing by division plat© d, so that the 
auuiunulated "knots," &o., may flow finally into the end 
compartment (which will form an auxiliary strainer), and 
may bo mixed with more water, so that the fine pulp still 
contained in the stuff can flow away through the sKta aad 
the knots, &c., he taken out when necessary. The tubes 
should be placed so far apart that a workman can get his 
hand between. The closed ends work free in the stufE. 
while the open ends run through indiarubber sheet or 
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other material, fitted so well to the tube that the fibre can 
only get through the slits of the tube to flow on to tlie 
paper- machine through the channel at side by the sluice c. 
The arrows indicate the direction of the flow of pulp, 

Mr. Dunbar says, " the straining power necessary to 
pass and clean pulp in an efficient manner for 25 tons of 
finished paper per week is two revolving strainers, con- 
sisting of four rows of plates, or 7 feet by 18 inches of 
straining surface on each of the four sides, the plates 
being cut No. 2^ Watson's gauge." 

After passing through the strainers the pulp should be 
absolutely free from knots or objectionable particles of 
any kind, and in a proper condition for conversion into 
paper. 

The Machiae Wire and its AcceBsoriev. — On leaving 
the strainers the pulp passes into a vat, in which is a 
horizontal agitator, which causes the pulp and water to 
become well mixed, and ready to flow on to the endless 
^vi^e-cIoth of the machine. The wire-cloth is made 
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of exceedingly fine wire, the meshes rflnging from 60 
threads imd upwurds to the inch, there, being eome- 
times as many aa 1,900 holes per square inch, hut the 
meshes usually employed run from ^,000 to 6,000 per 
square inch. The ends of the cloth are united by being 
sewn with very fine wire. The width of the wire-cloth 
varies considerably, the greatest width being, we believe, 
that supplied for the large machine at Mr. Edward 
Lloyd's mill at Sittingboume, which is 1^6 inches. Ths 
length of the wire-cloth is generally from 3p to 40 feet, 
the latter being considered preferable. Beneath the wire 
is placed a shallow box called the "save-all," which 
receives the water aa it flows through the wire cloth from ■ 
the pulp. In order to effect a further saving of pidp 
whidi escapes through the meshea of the wire-cloth, a 
machine called a "pulp-saver" is used at some mills, 
through which the backwater, as it leaves the box or 
save-all referred to, is passed. 

The wire-cloth is aupport-ed by a series of brass tube 
roils, which are so placed as to render the layer of pulp 
on the wire absolutely uniform, by which a regular thick- 
ness of the finished paper ia ensured. The wire is attached 
to a malleable iron frame, having a aole-plate of cast iron, 
and carries a brass or copper breast-roll, 18 inches in 
diameter, a guide-roll 7 inches in diameter, and four brass 
or copper rolls 5 inches in diameter under the wire, with 
shafts extending through the rolls, and furnished with 
brass bushes and brackets, and a self-acting guide upon 
the 7-inch guide-roll. The tube-rolls or " carrying tubes " 
are carried upon brass bearings. Attached to the aole- 
plate of the wire framing are three cast-iron stands on 
each side for supporting the save-all beneath the wire. 
To regulate the width of the paper there ia on the top of 
the wire a set of brass " deckles," carried on a brass frame 
passing over the first auction box, of which there are two, 
and supported on the wire frame by iron studs fixed in 
the fnune. At each end of the deckle-fi-ame is a pulley 
for carrying the deckle-strap, with three similar pulleys 
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for expanding it. The deckle-frame is furnished with 
two endless straps of india-rubber, these straps keeping 
the pulp to the width required for forming ledges at the a 
sides of the web. 1 

The Conical Pnlp-saTer, which is shown in Fig. 31, was i 
invented by the late Mr. George Bertram and Mr, Paisley, ' 
and is manufactured by Bertrams, Limited. Its use ia to I 
extract fibres from the washing water before going into J 
tho river or otherwise. For the water from the drum- 1 
washer, washing and beating engines, and for the water 
from the papef-making machine, save-all, &c., it has i 




Pig. 31. 
proved itself of great utility. It ia simple in constmc- 
tion,. small in coat, takes up little room, and is easily 
repaired, When placed to receive the washings from the 
beaters or paper-machine, the pulp saved, if kept clean, 
can always be re-used, a is a conical drum which is 
covered with wire-cloth, and it is made to revolve slowly 
by suit-able gearing. The water enters by the pipe b, 
which is perforated, as shown, and passes through the 
meshes of the gauze, while the pulp gradually finds its 
way to the wider end of the drum, where it escapes into 
the box c, and can be conveyed again to the beating- 
en^nes. 

The Dandy-roll. — "When it is required to produce a 
design or name, termed a irnler-miirk, upon the paper, this 
ia done by means of a roll called the dandy-roll, which 



consists of a skeleton roll covered with wire-eloth, upon 
which the design ia worked by means of very fine wire. 
If the paper is required to be alike on both sides, without 
any spocific pattern or name upon it, the roll is simply 
covered with wire-cloth, the impressions from which upon 
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Fig. 32. 

the moist pulp correspond with those of the machine-wire 
on the under surface. By this means paper known as 
" wove " jjaper is produced, A dandy-roll of this cha- 
racter is shown in Fig. 32. " Laid " paper, as it ia 



r termed, is distinguished by a dandy-roll having a series 
' of equidistant transverse wires on the upper surface of 
the wire cylinder, as shown in Fig. 33, the effect of which 
ia to produce parallel lines on the paper, caused by the 
pulp being thinner where the moist paper is impressed by 
the raised wires, which renders the lines more transparent 
than the rest of the paper. The dandy-roll, which is 
usually ahout 7 inches in diameter, corresponds in length 
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to the width of wire on which it rests, and is placed over 
the wire-cloth between the euction-boxes. The joumala 
of the roll turn in slits in two vertical stands, one behind 
the machine frame tind the other in front of it. The rol!, 
however, rests with its whole weight on the wire, and 
revolves by the progressive motion of the wire. The 
stands whieh support the roU prevent it from being 
influenced by the lateral motion of the wire. By thus 
running over the surface of the pulp when the wire is in 
motion, this roll presses out a considerable quantity of 
water, at the same time rendering the paper closer and 
finer in texture. Dandy-rolls of various lengths, and 
bearing different designs or patterns, are kept at the paper- 
mills, and great care is exercised to preserve them from 
injury. 

Water- M arl rin g. — Dr. Ure describes the following pro- 
cesses for producing a design for a line water-mark : — 1. 
The design is engraved on some yielding surface in the 
same way aa on a copper-plate, and afterwards, by im- 
mersing the plate in a solution of copper sulphate, and 
producing an electrotype in the usual way, by which all 
the interstices become so filled up as to give a casting of 
pure copper. This casting, on being removed from the 
sulphate bath, is ready for attaching to the wire gauze 
of the dandy-roll. 2. The design is first engraved on a 
steel die, the parts required to give the greatest effect 
being cut deepest ; the die, after being hardened, is forced 
by a steam hammer into some yielding material, such as 
copper, and all of this metal which remains above the 
plain surface of the steel is subsequently removed by 
suitable means ; the portion representing the design being 
left untouched would then be attached to the wire-gauze 
as before. Light and shade can he communicated to the 
mark by a modification of the above process, for which i 
purpose an electrotype of the raised surface of a design 
is first taken, and afterwards a second electrotype from 
this latter, which consequently will be identical with 
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the original surface. These two arc tlieii moimted on 
lead or gutta-percha, and employed as dies to give impres- 
sion to fine copper-wire gauze, which is then employed as 
a mould. Thus absolute uniformity, such as could not be 
attained by the old system of stitching wires together, is 
now attained in, bank-notes by the adoption of tne above 
method. It may be mentioned that when the moulds 
were formed by stitching the fine wires together to form 
a design, no less than 1,056 wires, with 67,584 twists, 
and involving some hundreds of thousands of stitches, 
were required to form a pair of £5 note moulds, and it 
was obviously impossible that the designs should remain 
absolutely identical. 

Sometimes water- marks are produced by depressing the 
surface of the dandy-roU in the fonn of a design, which 
causes the paper to be thicker where the design is than 
in the rest of the shoot of paper. Tliis modification was 
invented by Dr. De la Rue. 

De La Bne's ZmproTements in Watermarks. — By 
one method, patented in 1869, dandy-rolls, having a sur- 
face of embossed wire-gauze, are used ; the indentations 
in the gauze are inwards, causing a thickening of the 
paper where they are brought in contact with it. These 
thickenings correspond in form to the configuration of the 
design or water-mark. The inventor bus also affixed wire 
to the surface of such dandy-rolls so as to form projec- 
tions, in order to thin the paper where the projections 
come in contact with it, by which means light lines are 
obtained in the water-mark, strengthening the effect of 
the thickened opaque design. 

By another patent, dated May, 1884, No. 8348, the 
inventor forms the surface of the dandy-roll of wire- 
gauze embossed in such a manner that parts of the 
surface of the gauze, corresponding to the configura- 
tion of the design of the water-mark, are raised, and 
project out from the general siirface, and other parts 
corresponding to the line shading of the design are de- 



pressed below the level of the general surface. The acconi- 
panying drawing. Fig. 34, shows diagrammatically, and 
u;reatly enlarged, a section of a portion of the surface of a 
dandy-roll made in accordance with this invention, a 



Fig. 34. 



I'opresents the section of a ridge or projection raised on 
the surface of the gauze ; b represents the section of a 
groove or depression in the wire-gauze, which, with other 
similar grooves, serves to produce an opaque shading to 
the design, c is au auxiliary ridge or projection, serving , 
lo define the shading line, and to intensify it hy driving j 
the pulp into the groove or depression 6. Further efiects ^ 
may be obtained by attaching wires to the dandy-roll, 
either in the usual way, where the surface ia unembossed, 
(ir upon the raised parta a, which give the configuration 
to the water-mark. In place of forming the ridges or 
projections a, which produce the configuration of the 
water-mark, by raising portions of the wire-gauze above 
the general turface, they may be formed by sewing on 
. suitablv shaped slips of wire-gauze, or of sheet metal perfo- 
rated all over with fine holes, on to the surface of the gauze 
which ia embossed with the grooves b, but it is much to be 
preferred that both the ridges a and the grooves b should 
be produced by embossing the gauze. Water-marts may 
also be produced by placing sheets of finished paper in 
contact with plates of copper or zinc, bearing a design in 
relief, and submitting them to heavy pressure. 

SncticiL-Boxea. — These boxes, which are fitted under 
1he wire, are made of wood, and are open at the top, the 
edges being lined with vulcanite. The ends of the boxes i 
are movable, so that they may bo adjusted to suit the 
width of the paper requii'ed ; lliey are also provided with 




VACUUM PUMPS. 

air-cockfl for regulating the vacuum, wliicli ia obtained by 
meana of two sets of vacuum pumps, having three (i-iuuli 

barrels to each set : 

a vacuum pump of 
tliia form is shown 
in Fig. 35. Aa the 
wire travels o^'er 
these boxes, the ac- 
tion of the pumps 
draws the wire ujpon 
them with sufficient 
pressure to render 
them air-tight ; by 
this means a large 
portion of the water 
which the pulp still 
retains at this point 
becomes extracted, 
thereby giving to 
it such a degree of 
consistency that it 
can stand the pres 
sure of the couch 
rolla without m 
jurv The back 
water extracted by 
the suction boxes 
as ali.0 that col 
lected m the save 
all, IS added to a 
tresh supply 
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pulp before it flows on to the sand-tablea. 

CoQcli'-Italla. — At tbe extreme end of- the wii'C-clotb 
from tbe breast-roll, and inside the wire, is the under 
couch-roll, from which the wire receives its motion. This 
roll, which is of brass, is usually about li inches in dia- 
. meter, is carried upon a cast-iron framing with brass 
bearings, and is ground to a working joint with the top 
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roll, which is also of brass, and 20 inches in diameter. Both 
these rolls are covered with a seamless coating of woollen 
felt. The upper roll rests upon the lower one, and the 
wire-doth, and the web of paper upon it, pass between the 
rolls, receiving gentle pressure, by which the paper be- 
comes deprived of more water, rendering it still more com- 
pact. It is at this staj;e that the web ol paper leaves the 
wire-cloth, and passes on to a continuously revolving and 
eudleas web of woollen felt, termed the " wet felt," from 
the moist condition of the paper. This felt, which is car- 
ried on wooden rollers, is about 20 feet long, and is manu- 
factured with considerable care. 

The Freas-KoUs. — The paper now passes on to the 
first press-roUs, which deprive it of a still further quantity 
of water, and put it in a condition to bear gentle handling 
without injury. The upper roll is lifted with a contrivance 
termed the "doctor," which keeps the roll clean by remov- 
ing fragments of paper that may have become attached to 
it. The doctor is furnished with a knife which passes 
along the entire length of the roll, pressing against it from 
end to end. These rolls are generally of iron, jacketed 
with brass, the imder one being 14 inches in diameter, and 
the top roll 16 inches. Sometimes this roll is made of fine- 
grained cast-iron. "When the roll is of iron the doctor 
lilude is steel; hut when this roll is brass the knife is of 
the same material. The under surface of the paper, which 
bus boen in contact with the felt, and necessarily being in 
u moist condition, receives more or less an impression 
from the felt over which it travelled, while the upper sur- 
fucG, on the other hand, will have been rendered smooth 
by tho pressure of the top roll of tlie first press. To 
modify tliie, and to reiider both surfaces of the paper as 
iieiirly uniform as possible, the paper passes through 
lUiotlier sot of rolls, termed the second press-rolU, m 
whioh tho paper becomes reversed, which is effected by 
cuu«iiig it to enter at the back of the rolls, which rotate in 
II rpvi'i'so direction to those of the first press, by which 
till' uiuh'r iir wire side of the paper comes in contact with 
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the top roll of the press. By this ammgement the imder- 
side of the paper is rendered equally smooth with the 
upper surface. The second set of presB-rolls is provided 
with an endless felt of its own, whith is usually both 
stronger and fhieker than that used in connection with the 
first presa-rolls. In some mills each, set of press-rolls in 
provided with a doctor, to prevent the web of paper from 
adhering to the metal. Sometimes the doctor feniycs 
are made from vulcanite, a material which would seem 
specially suited for a purpose of this kind. From this 
point the paper passes to the iirst set of drying cylinders. 
Tlie Sryinff Cyliadera. — The invention of the steam 
drying cylinder is due to Mr, T. B, Crompton, who, in 
the year 1821, obtained a patent for this useful addition 
to the paper-machine. Since that period, however, the 
system of drying the paper by steam-heat has been brought 
to a high state of perfection ; not only this, but the number 
of cylinders has gradually increased, whQe the heat to which 
they are raised has proportionately decreased, and as u eon- 
sequence the size, which is injuriously affected by rapid drj-- 
ing, is gradually deprived of its moisture, and thus renders 
the paper closer and stronger, while at the same time a 
very rapid speed can be maintained. The drying cylinders 
in the machine shown in the engraving are 4 feet in dia- 
meter and 12 in number, being arranged in two groups of 
8 and 4 cylinders respectively, and in the aggregate present 
a very large drying siirface, it being very important that the 
operation should be effected gradually, more especially at 
its earher stages. There is a passage between the second 
press-roll and the cylinders, through which the machine- 
men can pass from one side of the machine to the other. 
The first two or three of the first section of cylinders are 
only moderately heated, and having no felt on them, allow 
the moisture from the paper to escape freely. The next five 
cylinders, however, are provided with felts, which jiress 
the paper against the heated surfaces, by which it be- 
comes smooth and flattened, thus putting it into a proper 
condition for passing between the smooihing-rofh. The 
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of which is shown in Fig. 36. It is constructed on the 
same principle aa the larger Fourdrinier machine up 
to the couching-rolls, when the paper leaves the wire-cloth 
and passes on to an endless ielt running round the top 
couch-roU, and passes from thence to a large drying 
cylinder, which is about 10 feet in diameter and hnatod 
by steam, the surface of which is highly polished, giving 
to the surface of the paper in contact with it a high gloss. 
There ia attached to the machine an arrangement fur 
washing the felt for the purpose of cooling and opening 
it out after passing through a cold press-i'oU and the hot 
drying cylinder. This machine, as manufactured by 
Messrs. Bentley and Jackson, for cap, skip, and thin papei-s, 
consists of a rocking frame, and wrought-iron side bars, 
fitted with brass bearings, the necessary brass and copper 
tube-rolls, couch-rolls, with driving shaft, stands and 
pulley ; self-acting wire guide, brass deckle sides and 
pulleys, brass slice, vacuum boxes, pipes and cocks ; wet 
felt firame, with the necessary water pipes and cocks, and 
carriages to carry the couch-rolls and felt-rolls; the 
necessary wet felt-rolls and a felt washing apparatus ; one 
bottom press-roll carried by brass steps, and fitted with 
compound levers and weight ; one large cast-iron drying 
cylinder about 10 feet in diameter, and fitted with a cen- 
tral shaft, steam admission and water delivery nozzles, two 
water lifters and pipes, a manhole and vacuum valve, a 
large spur driving wheel, spur pinion, driving shaft and 
pulley; massive cast-iron framework, with pedestals to 
carry the cylinder; traversing steel doctor and frames; 
copper leading roll and carriages, a pair of reeling stand.s 
fitted with brass steps, friction pulleys and plates, regulat- 
ing screws, etc. ; a wooden platform and iron guard rail, 
all carried by strong cast-iron framing ; the necessary pulp 
and backwater pump?, shake, knotter, stufi chests, service 
cistern, pipes and valves, phafting, pedestals, change 
wheels, pulleys, &c. These machines can be obtained of 
any desired width. 



CHAPTER XrV. 

CALENDERING, CUTTING, AND FINISHING. 

Web- Rlaiing. — Glazing Culender. — Damping -Eolls. — Finishing.— Plolo 
SIfuting.— Don kin's Glaring PreB9.~Mr. Wyatt on American 
Sn^ar-calonderine.— Mr. Arniit on Finishing. — Cutting — IlaTolvini 
Knifa Cutter. — Bertrama' Single-sheet Cntter. — Paofciiig the Finiahed 
Paper. — Sizes of Paper. 

To impart a higher gloss, or, as it is technically termed 
" glaze," to paper after it leaves the machine, it has to he 
subjected to further calendering, which is accomplished 
either in the web, or iu sheets, according to the quaHty of 
the paper, 

Web-GlaBing.— ff/aai'nff Calender. — When paper has to 
be glazed in the web, it is passed between a aeries of rolls, 
which are constructed upon several different systems. In 
one form of this machine the rolls are alternately of finely 
polished iron, and compressed paper, or cotton, the iron 
rolls being bored hollow to admit of their being connected 
to ateam pipes, for heating them when necessary. In this 
machine there are eight rolls, the centre pair being both 
paper rolls, which have an efEect equivalent to reversing the 
paper, by which both sides are made alike. Another form 
of glazing calender, of American origin, but which has 
been improved upon by our own engineers, consists of a 
stack of rolls made from chilled iron, the surfaces of 
which are ground and finished with exquisite precision 
upon a system adopted, in America. A representation of 
this calender as manufactured by Messrs, Bentley and 
Jackson is given in Pig. 37. Such rolls as require heat- 
. ing are bored through, and their ends fitted with brass 
junctions and cocks, to regulate the admission of steam. 



The standards are of cast iron, planed and fitted with 
phosphor bronze bearings ; the bearings to carry the top 
roll of the stack are furnished 
with wrought-iron screws and 
hand wheels, and wrought-iroii 
lifting links can be attached 
to raise one or more of the 
rolls, according to the finish 
required on the paper. Com- 
pound levers arc also supplied, 
to regulate and adjust the pres- 
sure on the ends of the rolls. 

Damping Rolls. — An import- ' 
ant improTement in connection 
with the calendering of paper 
was introduced by Messrs. G. and "W. Bertram a few 
years since, by which a higher finish is given to the 
paper than had previously been attainable. This con- 




Fiff. 37. 




sists of a damping apparatus A [Fig, 38) which is placed 
between the last drying cvlinders b of the machine and 
the glazing calenders c:. The damping-rolls consist of 
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two brasa or copper' rolls, about 14 inches in diamotpr, 
tlirough which a constant stream of cold water is passed, 
while a line of steam jets, issued from finely-perforated 
pipes, plays over the face of the rolls. The cold water 
within the rolls condenses the steam, thereby imparting 
a uniform moisture to the under surface of the paper, 
which enables it to take a better surfaee when passing 
through the glazing I'oUs. The steam-pipes can be regu- 
lated so as to give any amount of dampness required by 
adjusting the steam cocks accordingly. By reference to 
the engraving, it will be observed from the disposition of 
the rolls that the web of paper is reversed, thus equalising 
the moisture on both sides, by which the paper-maker is 
enabled to produce an evenly-finished paper. 

The chilled-iron glazing-rolls, as originally introduced, 
were fitted up in stacks of seven, and sometimes as many 
as nine rolls, but it was found in .practice that bo large 
a number of rolls gave unsatisfactory results ; the heavy 
pressure, acting on the paper immediately after leaving the 
drying cylinders, hud the effect of " crushing " the paper, 




Fig. SB. 



giving it a thin feel. It is now considered preferable to 
une calenders having not more than four, or at most five 
I'oUs. An arrangement of this description, manufactured 
by Dcrtrams, is represented in Fig. 39. The system 
rwiininiendcd by Mr. Dunbar is to employ three seta of 



rolls, disposed as follows : — " First, a set of three rolls ; 
second, a set to consist of four rolls, and a stack of five to 
give the finishing or dry surface. With this arrangement 
of calenders, and the assistance of the damping apparatus, 
any desired surface can he got by varying and regulating 
the drying of the paper, which any carelul machine-man 
can do with ordinary attention." 

FiniBliing. — To give a still higher finish to the paper, 
it is subjected to what is termed " friction -glazing," which 
consists in passing it through a stack of rolls, formed 
alternately of small iron rolls and larger paper ones, the 
iron rolls revolving at a much higher speed than the 
paper-rolla. The effect of this final glazing operation 
gives the paper a very fine surface. 

Flate-GIasing, — Donkin's Glazing Frfsn. — This term, 
which is also called " super-calendering," is applied to a 
method of glazing hand-made paper, and is also adopted 
for the better qualities of machine-made paper. It con- 
aiats in placing sheets of paper between highly polished 
plates of either copper or zinc, the latter being more 
generally used. The metal plates, with the sheets of paper 
placed alternately between them, are made up into packs 
or " handfuls " (the operation being usually performed by 
women), and these ai'e passed between two powerful rolls, 
giving a pressure of from twenty to thirty tons, and each 
pack, consisting of about forty plates and as many sheets, 
IS passed through the rolls several times, the pressure being 
regulated by means of screws or levers and weights acting 
on the ends of the top I'oll. A machine for glazing paper 
in packs, mamifactured by Messrs. Bryan Donkin and Co,, 
is shown in Fig. 40. Some descriptions of paper, as 
" antique" and " old style," for example, are surfaced with 
good cardboard instead of copper or zinc plates. As soon 
as the handful has passed through the rollers, the motion 
of the machine is reversed, by which means the pack is 
made to pass forwards and backwards repeatedly, accord- 
ing to the extfnt of gloss or smoothness required. 

Mr. Wyatt on Amexicaa Super - calendering. — 
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Mr. Wyatt, on a recent visit to America, had many 
opportunities of witnessing the svstema of manufacture 
adopted there, and subsequently delivered an interesting 
addjess to the members of the Paper- Makers' Club,* in 




which he acknowledged the superiority of the higb-clasa 
printing papers for book-work, which has so often been 
the subject of recognition in this country. Indeed, if we 
compare the surface of the paper used even for ordinary 
tecbitical iouroals ia America and that generally adopted 
for our own periodicals of a similar c^ss, we are con- 
strained to admit that the difference is in favour of our 
transatlantic competitors. " In the manufacture of high- 
clasa super-calendered printing papers," Mr. "Wyatt ob- 
serves, " for fine book- work, or as they call them book 
papers, the Americans certainly excel. Whether this be 
• roper-Mahcrs Munthly Jourml. April IStli, ISBB. 
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due to the kind of raw material used, to the almost uni- 
versal use of the refining-engine, which renders the pulp 
veiy soft and mellow, or to the state of perfection to 
which they have brought the art of super- calendering, or 
perhaps due to all three, I could not exactly determine. 
The material generally used for this class of paper is 
poplar chemical fibre and waste paper to the extent of 
50 per cent., and even up to 75 and 80 per cent, of the 
total fibre, the balance being rags, or, in cheaper quali- 
ties, sulphite wood pulp ; the stufl is all mixed together 
in large beaters, holding from 800 lbs. up to 1,500 lbs. of 
pulp, where it is about half beaten, end then finished in 
one or other form of refining-engine. 

" The Americans have, I think, more thoroughly studied 
the question of super-calendering paper than we, and in 
this respect get better results and better work. The paper 
is mostly sht and trimmed on the paper-machine, and 
reeled up in from two to four widths by an ingenious 
contrivance called the Manniiig-ieinder, which automatic 
cjilly keeps the tension constant on each of the reels, 
whatever the diameter, and is super-calendered in narrow 
widths on small calenders. These calenders are from 
36 inches to 42 inches wide, and consist of a stack of 9 
to 11 rolls, alternately chilled iron, and cotton or paper ; 
the paper is passed through the rolls two or three times, 
never less than twice, under great pressure appKed by 
hand-screws. The power required is very high, being 
from 40 to 50 h.p. for each calender, and the speed 
from 450 feet up to 600 feet per minute. The paper is 
not usually damped before calendering, but is left rather 
under-dried from the machine ; neither is steam heat used 
iu the rolls, which get very warm, owing to the high speed 
at which they run. The rolls are driven entirely by 
straps, the arrangements for the fast and slow speed and 
for reeling on and off the paper being well designed and 
worked out ; the main strap, running at high speed, runs 
on a loose pulley on the shaft of the bottom roll, by mcani 
of a powerful friction clutch ; this pulley can bo made a 
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it ooc Ob tkit Hwt bttaHikiA ■ kwved a nalti|ile 
V^Anprd groored frirtiEH p*Ilnr. -AaoCkr. and bde- 
pcndeot «uft, drnCB bo^ Ac Hamk daft by a crossed 
belt, ba* a KoaD gmanA poBey knvd ob h, «1iidi can 
be tbrcnni in and oat at gear with ibe large grooTed 
pnllejr. Strap-diiTing is una M c ai cd tfaroaghoat, ani 
tbe speed caa be iamaaei giMoallT viilioat j«rka, from 
tlie (rtarung op to the fastest aprad b i auAin g tbe leren, 
gearing the mctiun clutch and polieTs slowly. " 

In reference to the high finish •( Antencan papers, wi 
are disposed to attnbote this mainty to the nature of tba 
cbivf raw material osed — wood fibre. In the year 1854, 
when HpectinenA of Mr. Charles Watt's wood-fibre paper 
I were tint printed upon, the remarkable gloss of the wood 
I pujier attracted much attention, and it was noticed ttwt 
the impression of the ink appeared to be well on the inr- 
J'ace of the paper, and not, as was often the ease witli 
ordinary printing pupers of the time, partially absorbed 
bv the puper itaell'. Mr. Wyatt states that poplar 
tmoniiutl fibre and waste paper to the extent of 50 per 
t;ont., unil oven up to 75 and 80 per cent., are used, the 
biituiioe be'ing rags ; now since the waste paper in all 
prububility would be composed largdv of wood fibre, and 
UN, in the cheaper qualities, sulphite ivood pulp is used in 
liau of rug", it will be fair to assume that the chief basis 
of tho highly -finished papers for which the American 
iiru justly fumoua is wood fibre, and we believe that there 
in no other variety of cellulose which is so susceptible of 
prixlucing a naturally glossy paper as that which is ob- 
tained from wood by the soda proce^. 

Ur. Aruot on FiuiBhing. — Mr. Amot mates the 
following observations respecting the finishing of pu- 
p(ir: — "The papor may be slit into widths, suitable for 
wot culi'nders, or may be cut up into sheets, and glazed 
by the plate or board calenders. The former melihod of 
surfiicing or finishing has come extensively into use 
ill n'ci>nt times, the lubour involved being much lew 
ihiiii in tho older method of finishing in sheets. Still, 



however, the plate calendera are kept at work upon 
the higher classes of goods, it being possible to give 
almost any degree of surtace to good paper by that means. 
There is little doubt, too, that the paper glazed by the 
plflte rolls retains its original softness to a greater degree 
than that passed through web calenders. In the latter it 
is exposed in one thickness to great pressure, and is 
thinned in consequence ; whereas, when the sheets are 
made up into piles, along with copper or zinc plates, there 
is a certain amount of spring or elasticity in the treatment 
which largely counteracts the crushing action of the rolls. 
The web calenders consist of a aeries of rollers erected in 
a vertical frame, and between these the paper winds, be- 
ginning at the top and coming downwards, so that the 
pressui'e gradually increases as the paper moves on its 
ioumey. It will be observed that the under rolls have to 
bear the weight of the upper ones, and that consequently 
the pressure on the paper will be greater the lower down 
it descends. Many of the rollers themselves are now 
made of paper, and as these possess a slight degree of 
elasticity, and take a high polish, they are alternated with 
iron roUers with good effect. The paper-rolls are made 
by sliding an immense number of circular sheets, per- 
forated in the centre, on to an iron core or shaft, pressing 
these close together by hydraulic action, and trimming 
them off on the lathe. The plate or broad calenders con- 
sist only of two rollers, the upper one heavily weighted, 
preferably by compound levers. Between these rollers 
the sheets of paper, alternated with plates of copper or 
zinc, and made up into bundles about an inch in thick- 
ness, are passed backwards and forwards, the reciprocating 
action being produced by the movement of a lever in the 
hand of an attendant. The metal and paper sheets of 
different bundles may be interchanged, and the process 
repeated with the effect of increasing the beauty and 
equality of the finish." 

CSattin^. — Rerohiiig Kwfe. — When paper is to be used 
in a continuous printing-machine, or, as is often the case, 
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has to be exported in the web, it is supplied in rolls ; other- 

■wise it is cut into sheets before leaving the mill. The form 
I of cutter generally used is what is termed the rerohing 

knife-differ, an illustration of which, as manufactured by 
. £ertTams, Limited, is shown in Fig. 41. At a is shown 
k» saries of webs, the paper from which is drawn forward 

* f ftondli, 8, and is then slit into suitable widths, and 




Tig. 41. 



the margin at the same time pared by circular knives, "one 
of which is shown at c. It then passes through a pair of 
leading-rolls, after which it comes in contact with a knife, 
1), attached to a revolving drum, e, pressing against ft 
dead knife not shown in the engraving. The sheets, as 
they are thus cut, drop upon a travelling felt or apron, v, 
from which they are lifted and placed in piles, by boys or 
girls standing on each side of the felt. These machines 
will cut eight webs at one time. 

Bertramn' Single-sheet Cutter. — In cases where it is 
necessary that the sheets should be cut with great uni- 
formity, as in the case of paper bearing a water-mark, in 
which it is requisite that the design should appear exactly 
in the centre of the sheet, the ordinary cutter is not found 
to be sufficiently rchuhle; a machine termed a " single- 



sheet cutter " is therefore used for this purpose, of which 
an illustration is shown in Fig. 42. The paper is led 
direct from the paper- machine, or from a reel frame, to 
the drawing-in roUs, a ; after which it passes through the 
circular slit ting- knives, b ; from here it ia led hy the 
roller t to a large wood-covered dnun, d, and at the front 




Fig. *2. 



of this drum the sheets are cut by the croas-cutting 
knivea, E. There are two cast-iron tapered cones, with 
belt guide for adjusting the speed ; a fly-wheel to pro- 
mote steadiness in working ; a series of wrougtt-irou 
levers, cranks, eccentrics, shafts, etc., for accurately regu- 
lating the travel of paper and the cut of the horizontal 
knives ; a small pasting table is also fitted across the 
machine for mending broken sheets. 

Packing the Fiuislied Paper. — The paper, after it 
leaves the cutting -machine, is conveyed to the finiahing- 
house, where it is carefully examined by women, who cast 
aside all defective or damaged sheets, which, under the 
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1 tiiide names of "imperfections" or "retree," are sometimeB 
disjiosed of, at a lower rate, to the ciLstomer for whom the 
order is executed. In the warehouse these imperfections 
are marked with a capital R on the wrapper, or two 
(jrosaes, thus XX. If the paper is brokf-n, it is sometimes 
marked B )[ X ; it is not generally the custom, however, 
to sell imperfections, but to return them tfl the beater-maE, 
t<i be re-converted into pulp. The perfect sheets are then 
(-■ounted, und packed up in reams consisting of 480 to SIG 
Hhoota. 

Sixes of Paper.— The various sizes of paper are knoifn 
in the stationery trade under different designations, as 

' demy, crown, double crown, roj'al, imperial, etc. As paper 
is ^,nerally purchased according to weight, the various 
weights per ream are also distinguished with the size of 
the paper, as 16 lb. demy, 22 lb. double crown, and so on. 
The following table shows the sizes of some of the writing 

; and printing papers in common use : — 




»„.. 


Writing 
Papers. 


rrinting 




Foolscap 

Small post (or post) . . . 

Cn-wn 

DonHaecown 

Demv 

Eoyal 

Imperial 

Double iemy 

Double royal 


17 -'Vi\ 
ISJxlSi 


30x20 

30x22 
354-22* 
40x2S 
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CoJonred Papers.— Colourin!^ Matters used in Paper-Making. — American 
Camhiuationa tat Colouring, — Mixing Colouring Materials with Pulp. 
—Colouring Paper for Ariifloial FIowotb. — Stains for Glazed Papers. 
— Stdoa for Mgrocoo Papers.— Staina for Satin Papers. 

Coloiired Fapsrs. — There are several methods by which 
any desired ahade of colour may be imparted to paper, 
which arc as follows : — 

1. By blending with the pulp in the beating -engine 
some insoluble substance, such as amalta blue — a kind of 
glass coloured by oxide of cobalt — ultramarine, yellow 
ochre, etc. 

2. By adding a coloured liquid, which simply dyes or 
stains the fibre, 

3. By using rags which are already coloured, in propor- 
tions to give the required shade, in which case of course 
the process of bleaching must be omitted. 

4. By employing two substances, as yellow prussiate of 
potash (ferrocyantde of potassium) and a persalt of iron, 
for example, which, when combined, yield the requisite 
blue tint — Prussian blue. 

By this latter method the buff shade given to what is 
termed ioned papei- is effected, by using a solution of cop- 
peras (sulphate of iron) and an alkaline solution, or by using 
a solution of pemitrate of iron. In experimenting in this 
direction we have found that a mixture of solutions of sul- 
phate of iron and bichromate of potassa produce an agree- 
able and permanent buff tint. The solutions may be added . 
to the pulp alternately, or may be first mixed and then at J 



COLOURED PAPERS. 

\ once put iDto the beat«r. From 2 to 3 ozs. of each sail 
for each gallon of water may be used if the solutions are 
to be mixed before using ; but when applied separately 
the solutions may be used in a more concentrated condition. 
Colonring Uatters used in Faper-MaUug. — The fol- 
lowing substances, used either alone or mixed in suitable 
proportions, are employed in colouring pulp for pape^ 
making : — 



Chrome yellow and orango 

chrome. 
Orunge mineral 
Copperas, for mixiag wilh othti 

Bubetances. 



MraaltB blue. 

PniBsian blue. 

Indign blue. 

Aniline blues. 

Aniline reds, includinii eoi 

(.'oohinafti, for pink, etc. Venatia 

BraKilwood.wfiichimparlaeithpr Yellow ochre. 

a fine red or orange-browE QBercitron, or oalt-bftrk. 

colour, according to Che treat- NutgalU 

ment it haa undergone. Lamp black. 

Logwood, for yiolHD cobura. 

Bhie. — The coarser kind of paper used for packing is 
prepared from rags blued with indigo, which, when reduced 
to pulp, are not subjected to the process of bleaching. The 
finer kinds of paper are blued in various ways, but the 
chief material used is what is known as artificial ultra- 
marine, of which there are many qualities in the market, 
to which reference is made in another chapter. Prussian 
blue is also used, but this is usually produced directly in 
the beating -engine by adding in solution, 95 parts of sul- 
phate of iron and 100 parts of ferrocyanido of potassium 
(yellow prussiate of potash). Smalts blue, which was for- 
merly much used before the introduction of artificial ultra- 
marine, is still preferred for high-classed papers as the 
colour is more pennauent. To obtain smalts in an ex- 
ceedingly fine state of division the best plan is to grind 
the colour in a little water, and then to separate the fijaest 
particle by the process of elutriatlon, that is, by diffusing 
the reduced mass through a large volume of water, and 
after allowing the larger particles to subside, pouring off 
the liquor in which the finer particles are suspended, to a 
separate vessel, in which they are allowed to subside. If 
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tliis operation is carefully conducted the smalts may be 
obtained, in an exceedingly fine state of division, and we 
have found that in this state the colour blends well with 
the pulp, and has little or no dispoaitton to sink through 
it, but produces a uniform colouring throughout. 

American CotabinatioiiB for Golonriug. — Kofmann 
gives the following examples of the combination of coloui's 
which have been adopted by American manufacturers : — 

Yellow Gold Envelope of fine quality is made of — ^^ 

• Bichroinate of potosli 10 Iba. ^^^H 

Nitrate of Wd IS „ ^H 

Orange mineral S6 n ^^^V 

Porouu alum 30 „ ^H 

each substance being separately dissolved and added to 
400 lbs. of pulp. 

Oratiije-red Gold Envelope : — 



Blchraroate of potaah 7 11 

Nitrate of lead lOJ , 

Omnge mineral 6U , 

Porouaalum 20 , 



ft 

These substances are dissolved separately and added to 
400 lbs. of pulp. 

»Bit^ Envelope of fine deep shade is made from — ^^ 

Biobromate of potash 3 lbs. ^^^| 

Nitrate of lead 6 ,, ^^H 

' Oiajij^e mineral 10 ,, ^^^M 

Amariaan Dchre 20 ., ^" 

Poronaaluni 30 ,, 

Some half-stuff of red jute bagging. For 400 lbs. of 
pulp. 

Tea-Colour is made from a decoction of quercitron bark, 
the liquid being poured into the engine, and 2 lbs. of cop- 
peras in solution are added for every gallon of the bark 
extract. A little ultj'amarine may be used to brighten 
the colour. 

Drab. — Venetian red, well washed, added to a pulp of 

;ea-colour made as above will give a fine drab. jj 

LBroicn is composed of several colours, or a very fine J 
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dirk STWD tea-colour brovn, coataining tea, bufi, drab, 
uid ink-grey, may be made of — 

QoadtFM buk UqaU .15 gal?. 

I&KriMMHteofMlU 2 lbs. 

VoMtauind 4 ,, 

B«tn«t u( mitsiJk 2J ,. 

Cof^eru 18 „ 

Porow fttmn _ . . 30 „ 

The above proportions are for -tOO lbs. of pulp. 

The lai^ proportion of alum prescribed in all the above 
examples sen'es as a mordant, and also, mth the additiou 
of resin soap, for sizin^. All the above mixtures should 
be passed through a Xo. WO wire-cloth into the beating- 
engine. 

"■riTiwg ColouTing Materials with Palp. — It will be 
readily understood that when paper is sized in the pulp, 
as Mr. Ilofmanu points out, the resinous alumina sur- 
rounds the fibres and prevents tlie colouring' materials 
from penetrating them. In such cases the colouring 
materials are only loosely held, and a portion must there- 
fore be lost in the machine. If added to the pulp before 
it is sized they become thoroughly mixed with the fibres, 
and with them enveloped by the size. The pulp should 
always be coloured before it is sized, except in ca«es where 
the alum or resin soap would injure the colours, or be 
injured by them. While the pulp is being sized and 
coloured, the finishing touch is given by the engine-man, 
who examines it and empties it into the stuff-chest. 

Coloaring Paper for Artificial Flonrers. — Davis gives 
the following recipes for colouring one ream of paper of 
medium weight and size, sap colours only being used, and 
principally those containing much colouring matter. The 
gum arable given in the recipes is dissolved in the sap- 
liquor. 

Blue (dark) 1. — Mix 1 gidlon of tincture of Berlin blue 
with 2 ozs. each of wax soap and guia tragacanth, 2. 
y\{\ ^ gallon of tincture of Berlin blue with 2 ozs. of 
wax soap, and 4^ ozs. of gam tragacanth. 



STAIN'S FOR GLAZED PAPERS. 

Crimson. — Mix 1 gallon of liquor of Brazil wood com- 
pounded with borax, 2 oza. wax soap and Vi^ oza. of gum 
arable. 

Green — 1. Take J gallon of liquor of eap-green*, 4j ozs. 
of indigo rubbed up tiiie, \ oz. of wax Boap, and 4^ oza. of 
gum arabic. 2. J gallon of eap-gi'een liquor, 4j oza. of 
distilled verdigris, 1 oz. of wax soap, and 4J oza. of gum 
arabic. 

Yellow (golden). — Mix 6| oza. of gamboge witb 2 ozs. 
of was soap. 

Yelbiv (lemon), — 1. Compound 1 gallon of juice of 
Persian berries witli 2 ozb. of wax aoap and i^\ oza, of gum 
arabic, 2. Add to , 1 gallon of quercitron liquor, com- 
pounded witb solution of tin, 2 oza. of wax aoap, and 
8^ oza. of gum arabic. 

Yellow (pale). — Mis 1 gallon of fustic, 2 ozs. of wax 
aoap, and 8^ oze. gum arable. 

Yellow (green).— Compound 1 gallon of sap-green 
liquor with 2 ozs. each of distilled verdigris and wax soap, 
and 8^ ozs. of gum arabic. 

Red (dark). — 1 gallon of Brazil-wood liquor, 2 ozs. of 
wax soap, and 87- ozs. of gum arabic. 

Eose Colour. — Mix 1 gallon of cochineal liquor with 
2 oza. of wax soap, and 8^ oza. of gum arabic. 

Scarlet. — 1, Mix 1 gallon of Brazil wood liquor com- 
pounded with alum and a solution of copper, with 2 oza. 
of wax soap, and 8f ozs. of gum arabic. 2. Mix 1 gallon 
of cochiaeal liquor compounded with citrate of tin, with 
2 ozs. of wax Boap, and 8^ oza. of gum arabic. 

Stainfl for Glased Papers. — Owing to the cheapness of 
these papers glue is used in lieu of the more expensive 
gums; I lb. of glue dissolved in 1| gallon of water; the 
proportions of colouring materials are given for 1 ream of 
paper of medium weight snd size. 

Black. — 1 . Dissolve 1 lb. of glue in 1^ gallon of water ; 
triturate this with lampblack (I lb.) previously rubbed up 
inrye whiskey ; Frankfort black, 2|lbs. ; Paris blue, 2 ozs.; 
■ The bemea oE Rhamnui cathartictis made into a decoction ty boiling. 
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wax soap, I oz. ; then add liquor of logwood, 1^ lb. 2. 
IJ gallon of liquor of logwood compounded with sul- 
phate of iron, 1 oz. of wax soap, and 4^ ozs. of gum 
anibic. 

Blue (azure). — \\ gallon of glue liquor, as before, 
mixed with IJ lb. Berlin blue, 2J lbs. powdered chalk, 
2i ozs. of light mineral blue, and 2 oza. of wax soap. 

Blue (dark). — Mix with U gallon of glue liquor, 4i llis, 
of powdered chalk, 4j ozs. of Paria blue, and 2 ozs. of wax 
soap. 

Bint fpale). — 1, Mix \ gallon of tincture of Berlin blue 
and 1 oz. of wax soap with Z\ ozs. of solution of gum 
tragacanth. 2. Take \\ gallon of glue liquor and jnii 
with 4 Iba. of powdered chalk and 2 oza. each of PariB blue 
and wax soap. 

Brmm (dark). — I. 11 gallon of glue liquor, mixed 
with 6 lbs. each of colcolhar (Jewellers' rouge) and Eng- 
lish pink, \\ lb. of powdered chalk, and 2 ozs. of wax soap. 
2. Dissolve 1 oz, of wax soap and 4 J oza. of gum arable in 
\ gallon of good Brazil-wood liquor, and add a like quan- 
tity of tincture of gallnuts. 

Green (copper). — Mix in \\ gallon of glue liquor 4 lbs. 
of English verdigris, 1^ lb. of ]>owdered chalk, and 4 om. 
of wax soap. 

Orem (pale), — Jlix with \\ gallon of glue liquor 1 lb- of 
Bremen blue, 8^ oza. of whiting, 1 oz. of pale chrome yel- 
low, and 2 ozs. of wax eoap. 

Leinon Colour. — Mix in 1^ gallon of glue liquor 13 ozs. 
of lemon chrome, 2 lbs. of powdered chalk, and 2 ozs. of 
wax soap. 

Orange- Yellow. — Mix in 1^ gallon of glue liquor 2 lbs. 
of lemon chrome, 1 lb. of Turkish minium, 2 lbs. of white 
lead, and 2 ozs. of wax soap. 

Red (cherry). — Mix in 1^ gallon of glue liquor SJ IKs. 
of Turkey red, pi'eviously mixed up with i gallon of 
Brazil-wood liquor, and 2 ozs. of wax soup. 

lied (dark), — Mix J gallon of Brazil-wood liquor with 
wax soap 1 oz., and gum arable 4) ozs. 



r 
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Red (pale). — To 1\ gallon of glue liquor is to be added 
8^ lbs. of Turkey red previously rubbed up .with 2 ozs. of 
wax aoap. 

Violet. — 4| ozs. of gum arable, and 1 oz. of wax soap 
are to be mixed with | gallon of good logwood liquor. 
When the gum is dissolved, mix with it enough potash to 
form a mordant. 

Stains for Morocco Papers. — For 1 ream of paper of 
medium size and weight the following recipes are ro- 



Blach. — 8^ OZB. of good parchment shavings are dis- 
solved in Ij gallon of water; into this liquid is to bo 
stirred lampUack, 1 lb., Frankfort black, 3 lbs., and 
Paris blue, 1^ oz. 

B(ue (dark). — Dissolve parchment shavings, as before, 
and mix in 8^ lbs. of white lead and 4^ Iba. of Paris 
blue. 

Blue (light). — Dissolve parchment shavings, as be- 
fore, and miT in 8| lbs. of white lead and 2j oza. of 
Paris blue. 

Green (dark). — Dissolve 13 ozs. of parchment shavings 
in 2^ gallons of water, and mix in 10 lbs. of Schweinfurth 
green. 

Green (pale). — Prepare solution of parchment as in the 
last, and mix with 8f lbs. of Schweinfurth green and 1 lb. 
of fine Paris blue. 

Orange- Fellotc. — 8^ ozs. of parchment shavings are to 
be dissolved in I5 gaUon of water, and then mixed with 
II lb. of lemon chrome, 8^ ozs. of orange chrome, and 1 lb, 
of white lead. 

Med (dark). — To the same quantity of parchment liquor 
as the last is to be added 7f lbs. of fine cinnabar, and 1 lb. 
of Turkey red. 

Red (pale). — To the same quantity of parchment liquor 
add 8^ ozs. of Turkey red, 

Fiokt (light). — To 1^ gallon of parchment liquor add 
4 i lbs. of white lead, 13 oza. of light mineral blue, and 8^ 
ozs. of scarlet lake. 
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Viaht {AsxV). — To IJ gallon of parchment liquor add 
3^ lbs. of white lead, X lb. of pale mineral blue, and 
S|- ozs. of BCarlet lake. 

Yellow (pale). — To 1^ gallon of parclinient liquor add 
2 lbs, of light chrome yellow and 8f oza. of white lead. 

Stains for Satin Papers. — For each ream of paper of 
medium weight and size the following recipes are 
given : — 

Blue (azure). — 13 ozs. of parchment are dissolved in 
2J gallons of water and mixed with 3 lbs. of Bremen 
blue, 1^ lb. of English mineral blue, and 4^ oza. of wax 
soap. 

Blue (light). — 8^ oza. of parchment are to be diaaolved 
in J i gallon of water, and to be mixed with light chrome 
yellow, 13 ozs. ; colcothar, 6| ozs. ; Fraiihfort black, 2 ozs. ; 
powdered chalk 3 lbs., and wax soap, 3| ozs. 

Brown (reddish), — 1| gallon of parchment liquor as the 
last, to which is added yellow ochre, 1 lb. ; light chrome 
yellow, 4i ozs. ; white lead, 1 lb. ; red ochre, 1 oz,, and 
wax soap, 3^ ozs. 

Brotcn (light). — 13 gallon of parchment liquor, as be- 
fore, to which is added 13 ozs. of light chrome yellow, 
t'i ozs. of colcothar, 2 oza. of Frankfort black, 3 lbs. of 
powdered chalk, and 'A\ ozs. of wax soap. 

Orey (light). — 1^ gallon of parchment liquor is mixed 
with 4j lbs. of powdered chalk, 8^ ozs. of Frankfort black, 
1 oz. of Paris blue, and 3^ oks. of wax soap. 

Grey (bluish). — To the above quantity of parchment 
liquor add 4^ lbs. of powdered chalk, 1 lb. of light mineral 
blue, 4i oza. of English green, 1^ oz. of Frankfort hlack, 
and 3J ozs. of was soap. 

Green (brownish). — -To the same quantity of parchment 
liquor add Schweinfurth ^een, 1 lb. ; mineral green, 
8^ ozs. ; burnt umber and English pink, of each 4^ ozs, ; 
whiting, 1 lb., and wax soap, 3^ ozs. 

Green (light). — To the same quantity of parchmert 
liquor add English green and powdered chalk, of each 
'Zj lbs., and 3^ ozs. of was soap. 
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Lemon Colour. — To the sjime qunntity of parchment 
liquor add lemon chrome, IJ lb. ; white lead 1 lb-, and 
wax Boap, 3^ oza. 

Orange-Yellow. — Parchment liquor as before, IJ gallon, 
to which is added lemon chrome, 4i lbs. ; Turkey red, 
tj^ ozs- ; white lead, 1 lb., audwax eoap, 'A\ ozs. 

Rose Colour. — 1| gallon of parchment liquor as before, 
to which is added ^ gallon of rose colour prepared from 
Brazil wood and chalk, and 6| lbs. of wax soap. 

Violet (light). — li gallon of parchment liquor as above, 
mixed with light mineral blue and scarlet lake, of each 
IJ lb. ; white lead, 1 lb., and wax soap, 3J ozs. 
, WJUte. — To 1-^ gallons of parchment liquor is added fine 
Kremnitz white, 8|- Iba., Bremen blue, ij ozs., and wux 
soap, 3^ ozs. 

Silver Wliite. — 1^ gallon of parchment liquor mixed 
with Kremnitz white, 8J lbs., Frankfort black, 8f ozs,, and 
wax soap, 'A\ ozs. 

Fale Yellow. — 1^ gallon of parchment liquor, to which 
is added 4^ Iba. of light chrome yellow, 1 lb. of powdered 
chalk, and 3^ ozs. of wax soap. 
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CHAPTER XVI. 

MISCELLAJ^EOUS PAPERS. 

■Waterproof Paptr. — Smffem and Tidcomlie's process.— Dr. Wright'* 
|>roc«Ba for preparirg Capro-Auimonium. — Joaglet'B prootsfl. — 
Waterproof Composition for Paper. — ToughEning Paper.— Mortil's 
WOC8SB. — Triinsparent Paper,— Tracing Paper.— Vami^ed Paper.- 
Oiled Paper.— Uthngraphic Paper. — Cork Paper— New JapantK 
Paper.— Blotting Paper.— Pnrthment Paper — Test Papers. 

Waterproof Paper. — Scojfern and Tidcombn's ProcesH.— 
In this process, for which a patent vras granted in 1875, 
the well-known solubility of cellulose in cupro-ainmonium 
is taken advantage of, for the purpose of producing water- 
proof paper by destroying its absorptive properties. After 
the paper is made and dried in the usual way by the paper- 
ma^ng machine, it is led through a bath of cupro-ammo- 
nium, having a roll or rollers therein, or in connection 
therewith, either on reels on which the paper is reeled, or 
from the continuous web of paper itself directly from the 
machine, and from this bath it is led over a table of wire- 
cloth, or india-rubber, or over a series of rollers forming u 
table, under which steam-pipes are placed for the purpose of 
" setting," or partially drying, the web ; it is then led over 
suitable reels in a hot-air chamber to season or finish the 
treated paper, which is then cut as the paper runs, by the 
ordinary cutting machine, into the required sheets. The 
chamber in which the paper is treated is ventilated an 
follows : — Over the bath and hot-air chamber is another 
chamber having openings leading into the hot-air cham- 
ber, and at these openings a steani-blast, or fan-blast, is 
applied, which ventilates the chamber in which the paper 
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is heated, and drives the ammoiua into contact with either 
sidphurous or hydrochloric acid, and by this means the 
ammonia' ia recovered in a solid form which woidd other- 
wise be wasted. 

The inventors alf« incorporate hydrated oxide o£ copper 
with paper pulp, so that after it is made into paper it has 
only to be subjected to the action of ammonia, as ordi- 
narily done, or to the action of gaseous ammonia mingled 
with steam. Brown papers are strengthened and glazed 
by passing them through a bath of pulp containing capro- 
ammonium, either with or without pitch, tar, or other 
resinous matters. It is well known that by passing paper 
through a cupro- ammonium bath it is surface dissolved 
and glazed by its own material, and if it be desired to 
unite two or moi'o sheets together this is the most econo- 
mical way of conducting the operation ; but if it be 
desired to strengthen and glaae a single thickness of paper 
or millboard, it is considered undesirable to make the 
glaze by dissolving a portion of the paper itself. In this 
case the inventors pass the web or sheet of paper through 
a hath, not of cupro*ammonium simply, but of cupro-am- 
monium in which ligneous material is already dissolved ; 
and when the glazing of brown paper is to be effected, 
they prefer to fortify the bath with tar, pitch, marine 
glue, or other resinous materials. By this process, panels 
and tiles may be manufactured from millboard, or thick 
sheets of ligneous material made from pulp already incor- 
porated wifti hydrated oxide of copper. The panels, etc, 
are passed, by means of an endless web, through a bath of 
ammoniacal solution, or the vapour of ammonia and steam, 
and the tiles or panda may be surface -glazed by exposing 
them while moist to the action of fluo-aiKcic acid gas, by 
which silica is deposited in the material and on ita surface. 

Dr. Wright's Process for preparing Capro-aminoniiun. 
— Thia process, which has been adopted at the Willesden 
Paper Mills, may be thua briefly described : — In the first 
part of the process, metallic copper, in small lumps, solid 
metal, or clippings, etc., is covered with a solution of a 
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I toonia in water, or with a weak solution of cupro-ammo- 
nium hydrate, containing; an amount of free ammonia in 
eolution dependent upon the strength of the copper solu- 
tion ultimately required ; a current of air ia then caused to 
pass through the whole by meaua of an air-pump, iu eucli 
a manner that the bubbles of air pass over and amongsl 
the fragments of metallic copper, which, if in Email parti- 
cles, raay be advantageously kept in suspension by any 
convenient agitator. In a few hours the liquid becomes 
saturated with as much copper as it can dissolve, the rate 
of aolution varying with the form of the vessel containing 
the materials, the strength of the ammoniacal fluid, and 
the rate of the passage o£ the stream of air. To carrv' 
this process into effect, metallic copper in fragments of 
convenient size is loosely piled inside a vertical tube or 
tower, and water ia allowed to trickle from a pipe over the 
copper so as to keep. its surface moist. At the base of the 
tower a current of air, mixed with ammonia gas, is caused 
to pass into the tower, so as to ascend upwards, meeting 
the descending water as it trickles over the copper. Under 
these conditions the copper becomes oxidiaed, and the 
water dissolves firstly the ammonia gas, and, secondly, the 
oxide of copper formed, so that the liquor which passes out 
at the base of the tower is a solution of cupro- ammonium 
hydrate, the strength of which depends on the proportions 
subsisting between the bulk of the mass of copper, the 
quantity of water trickling over it, and the amount of 
air and ammonia gas suppHed in a given time. As an 
example of the method of carrying out the above process, 
the inventor proceeds as follows : — He constructs a vertical 
iron tower which may be ten inches in internal diameter 
and ton feet in height, and this is filled with scraps of 
sheet copper. On this water is allowed to trickle, whilst 
at the base of the tower a mixture of air and gaseous am- 
monia is allowed to pass upwards through the tower, by 
which a aolution of cupro-ammonium ia formed, which is 
allowed to trickle out atihe base of the tower into a tank. 
It has been found advantageous to use a series of towei-s. 



WATERPROOF COMPOSITION. 



^ 



allowing the air and ammonia gas tliat pass out at the 
top of the first tower to enter at the bottom of the aeconil 
tower, and so on successively throughout the series. The 
weaker solutions produced in the later towers of the series 
are used instead of water in the earlier towers, so that 
practically all the ammonia gas originally used is obtained 
in the form of cupro -ammonium hydrate solution, issuing 
from the first tower of the series. 

The cupro -ammonium process, as carried on at the Wil- 
lesden Mills, is applied to ropes, netting, etc., by immers- 
ing them in a solution of cnpro -ammonium, which, when 
they are subsequently dried, gives them a varnished ap- 
pearance, while at the same time, the fibres having become 
cemented together by the action of the cupro- ammonium, 
their strengUi is increased. By the same process paper, 
canvas, and other manufactured articles are rendered 
waterproof. A concentrated solution of cupro-ammoniura 
may also be used for securing envelopes, whereby the 
adhesion of the surfaces of the paper is rendered perfect, 
and the only means of opening the envelope is by cutting 
or tearing the paper. 

Jonglet's Process. — This process, which with modifica- 
tions has been adopted by others, is based on the solvent 
action on cellidose of a solution of oxide of copper in am- 
monia. A quantity of this solution is placed in a tank, 
and the paper rapidly passed over and in contact with 
the surface of the liquid, by means of suitable rollers in 
motion. The paper is afterwards pressed between a pair of 
rolls and dried by the ordinary drying cylinders. The 
brief contact of the paper with the liquid occasions just 
sufficient action on the cellulose to have the effect of an 
impermeable varnish. 

Waterproof Composition for Paper. — The following 
composition for rendering paper waterproof for roofing 
and flooring purposes has been patented iu America.' By 
preference good, hard manilla paper is selected, and a 
composition of the following ingredients is applied with 
• r^per Trade Jourm!, Npw York, April 20th, 1880. 
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bmsli, or by means of rollers : — Glue, 2 Ibe,, is dissolved 
in 'A gvllons of crude petroleum, of about the density of 
33° B. at 60^ F, ; 35 gallons of resin oil, and about half 
a pint of oil of eucalyptus, which will have the effect of 
destroying the objectionable odour of the resin oil. To 
this mixture is further added about 4 gallons of any ordi- 
nary drier. The above inj^redients are to be thoroughly 
mixed by agitation, and the composition brushed over 
the paper in a room heated to about 80° F., and allowed 
to dry. It is said that paper thus coated will exclude 
wind, cold, dampness, and dust. 

Ton^beninf Paper. — Morfifs Process. — The object of 
the following process is to produce a paper " toughened in 
a degree and quality diatinctiTely from any other in the 
market," and is applicable to all kinds o£ paper, but more 
particularly to those made with inferior grades of pulp for 
printing newspapers, and for wrapping papers. Tlie means 
employed are the seaweeds which form glutinous liquors 
with water, such as Carrageen, or Irish moss, Agar-agar, 
and the like. Any of such seaweeds may be employed, 
either separately or mixed with another of its kind, accord- 
ing to the judgment of the operator and the sort of paper 
to be manufactured, but some seaweeds are superior to 
others for this purpose. The raw seaweed is first washed, 
and then boiled with water until all the soluble matter has 
been extracted, and the resulting liquor is then strained. 
The hot strained liquor forma the bath in which sheets of 
paper or pulp are to be treated. If desired, resin soap and 
aluminous cake may be added to tlie glutinous liquor, but 
these " servo rather to size and make the paper rustle than 
increase its toughness." If the paper is to be treated in 
the form of sheets or web, it is to be passed, as it leaves 
the wire-cloth in which it is formed, through a hot solu- 
tion of the seaweed alone, or mixed with resinous soap 
and aluminous cake, and dried by means of suitable machi- 
nery. To apply it to the pulp, the latter is to be diffused 
ill the hot liquor, and the sheets or web made therefrom in 
th« usual manner. The proper proportions of seaweed, 
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uutearable, and is sufficiently transparent to admit of its 
being used as a substitute for window glass ; it takes all 
colours well, and in many respects resembles old window 
glass. — Board of Trade Journal. 

Blotting Paper. — Tbis paper, requiring to be very ab- 
sorbent, is not sized, but ie prepared widi starch alone, 
wbiob, while holding the fibres together, does not afEect 
the absorbent property of the paper. Dunbar gives a 
recipe for making blotting paper which has been found 
Buccessful, and from which we make a few extracts. In 
selecting materials for blotting, of high-class, cotton rags 
of the weakest and tenderest description procurable should 
be chosen. Boil them with 4 lbs. of caustic soda to the 
cwt. — that is, if you have no faeilitieH for boiling them in 
lime alone. When furnished to the breaking- en gme, wash 
the rags thoroughly before letting down the roll ; when 
this is done, reduce them to hfuf-stuff, and as soon as 
possible convey them to the potcher. When up to the 
desired colour, drain immediately. The breaker-plato 
should be sharp for blottings, and the beater-roll and plate 
also in good order, and the stufE beaten smartly for not 
more than an hour and a half in the engine. For pink 
blottings furnish two-thirds white cottons and one-third 
of Turkey reds if they can be got, or dye with cochineal to 
desired shade ; empty down to the machine before starting, 
and see that the vacuum pumps are in good condition. 
Kemove weights from couch-roU, and if there are lifting 
screws raise the top couch-roll a little. Take shake-belt 
off, as the shake will not be required. Press light with 
first press, and have the top roll of the second press covered 
with an ordinary jacket similar to couch-roll jacket. Dry 
hard, and pass through one calender with weights off, and 
roll as light as possible, just enough to smooth slightly. 

Farduaent Paper. — This paper, which is extensively 
used for covering jars and pots for pickles and jams, is 
prepared, according to the process of Poumarede and 
Figuier, as follows : — White unsized paper is dipped for 
half a minute in strong sulphuric acid, specific gravity 



w i I 



^ 



l8» MISCELLANEOUS PAPERS. 

l'84a, and afterwards in water containing a little am- 
moaia. By Gaine'u process (1857) unsized paper is 
plunged for a few seconds into sidpliuric acid diluted with 
half to a quarter of its bulk of water (the acid being added 
to the water), and the solution allowed to cool until of the 
same temperature as the air. The paper is afterwards 
washed with weak ammonia. This process, which has 
been extensively worked by Meaars. De la Rue and Co., 
produces a far better material than the foregoing. 

Mill BAd Card-bo&rd. — In the manufacture of boards 
refuse materials of all kinds that occur in the paper-mill 
may be used, and theae are sorted according to the quality 
of boards for which they are best suited. After being well 
beaten the resulting mass is mixed with suitable propor- 
tions of rag pulp, kaolin, chalk, white clays, &c. There 
are four principal processes by which boards are manu- 
factured, namely, 

1. By superposing several sheets of paper and causing 
them to unite by a sizing material. 

2. By superposing sevei'al wet leaves at the time of 
oouchiug. 

3. By moulds pro\'ided with thick deckles. 

4. By special machines similar to those used for making 
continuous webs of paper, but without a drj-ing cylinder, 
the sheets being dried in the open air or in a heated room. 

The third method is only adopted for boards of moderate 
thickness, as an excess of pulp would render the draining 
difficult. 

Making Paper or Cardboard with two Faoea by Ordi- 
I1U7 Machine.^By this process, recently patented by 
Mr. A. Diana, all kinds of tbin or thick paper or cardboard 
are manufactured with two different faces by means of the 
ordinary paper-machine, having a single flat table with a 
single wire-gauze web, without requiring a second me- 
tallic web. For this purpose the two pulps are prepared 
separately, and one is caused to pass on to the web in an 
almost liquid condition ; this is allowed to drain off suffi- 
ciently, and the second pulp (also in a liquid condition) is 






then passed uniformly upon the whole surface of the pre- 
vious layer. The water drains off from this layer through 
the first layer, and the paper or cardboard is thus directly 
formed with two different faces, the auhsequent operations 
being as ordinarily employed in paper-making. The space 
between two of the suction cases employed for drawing off 
the water in the pulp is a suitable point for the distribu- 
tion of the diluted second pulp, which is almost liquid. 

Teat FaperB. — -These papers, which are extensively used 
both in the laboratory and the factory, for determining the 
presence of acids or alkalies in various liquids, may be pre- 
pared as follows : — ■Litmus paper, for detecting the pre- 
sence of acids, is prepared by first making an infusion of 
litmus. Reduce to a paste with a pestle and mortar 1 oz, 
of litmus, adding a little boiling water ; then add more 
boiling water — from 3 to 4 ozs. in all — and put the mix- 
ture into a flask and boil for a few minutes ; finally, add 
more boihng water to make up half a pint, and when cold 
filter the liquor. To prepare the test paper, a sufficient 
quantity of the liquid being poured into a flat dish, pieces 
of unsized paper are steeped in the blue liquid, ao that all 
surfaces may be thoroughly wetted ; the paper is then to 
be hung up by one comer to drain, and afterwards dried. 
As many sheets of paper as may be required should be 
treated in this way, and the sheets afterwards cut up into 
convenient strips for use. Red Ufmits paper, for detecting 
shght traces of alkali in liquids, may be prepared by 
dipping a glass rod, previously dipped into a very dilute 
solution of sulphuric acid, into one-half of the above in- 
fusion, repeating the operation cautiously until the liquid 
turns from blue to a slightly red tint. Unsized paper 
when dipped in this will acquire a reddish colour which is 
very sensitive to the action of weak alkaline liquors, and 
the vapour of ammonia restores the blue colour instantly. 
Turmeric paper is prepared by dipping unsized paper in a 
decoction of turmeric — about 2 oza. to the pint. Paper 
steeped in this solution and dried acquires a yellow colour, 
which turns brown in alkaline solutions. 
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MACHINERY VSSD IN PAPER-MAKING. 

Bentley and Jackson's Drum Washer. — Drying Cylinder. — Self-Acting 
Dry Ft,lt Kegulator.— Paver Cutting MacMuo.— Single Web Winding 
Machine. — Cooliuf- and Damping RoUa. — Ratersing or Plate Glazing 
CalBodar.^Plate Planing Machine. — Roll Bar Plajiing Machine.— 
Washing Cyliuder for Rag Engine.— Bleach Pump.— Three- rcll 
SmoolluDg Presses.^ — Back-water Pump. — Web Glazing Calender.— 
Keeliug Mafihine. — Weh Ripping Machine. — Roeckner's Glarifler.— 
Marshull's Perfecting Eugmu. 

Apart from the mecliaQical contrivances "wliich are re- 
ferred lo in vaiiouB parts of this work, in which their 
application is explained, it will be necessary to direct 
attention to certain machines and appliances which are 
adopted at some of the more advanced paper-miUe in this 
country and in America ; but since the various makers of 
paper-makers' machinery are constantly introducing im- 
provements to meet the requirements of the manufacturer, 
we must refer the reader to these firms for fuUer informa- 
tion than can be given in the limited scope of this treatise. 
Many of the improvements in paper-making machinery 
consist in modifications— sometunes of a very important 
nature— in the construction of certain parts of a machine, 
whereby the efficiency of the machine aa a whole is in 
some cases considerably augmented. "Without offering 
any critical remarks upon the merits of the respective 
improvements which have been introduced, it will be 
sufficient to direct attention to the manufacturer's bwn 
description of the principal features of the special me- 
chanical contrivance which he produces for the use of thu 
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paper-maker. It may also be said that innumerable 
piitents have been obtained for various iraprovementa in 
machinery, or parts of machinea, engines, etc., which 
can readily be referred to at the Library of the Patent 
Office, or any of the public hbrariea throughout the King- 
dom. 

Bentley and Jackson's IDmrn-VaalieT. — This drum- 
washer, for use in the rag-engine, is shown in Fig. 4:i. 
It has cast-iron ends, strong copper buckets, shaft, stands, 
lifting-gear, and driving-wheel, but instead of the drum 

KhA 



Fig. 13. 

being covered with the ordinary strong brass backing-wire, 
it is covered with their improved " honey-comb " hacVuiu- 
piates, over which the fine wire is wrapped as usual. The 
honey-comb backing consists of tough rolled brass or 
copper plates, curved to suit the diameter of the drum, 
and secured to its ends by cross-bars. It is practicably 
indestructible, strengthens the drum, and by maintaining 
its cylindrical form, adds considerably to the durability of 
the fine covering-wire. 

DrTing Cylinders. — These cylinders, by the same firm, 
for which patents were obtained in 1872 and 1887, 
are made with concave and convex ends, the latter type 
being shown in Fig. 44, The cylinder body is made 
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f hard cast-iron, turned and polished on outside surface. 

Tie ends and trunnions are of tough cast iron, turned to 
■ fit into their places, and there secured by bolts and nuta 
I Iw a patented method, whereby no bolts (excepting for 
1 the manhole} are put through the metal, an unbroken 
V surface is preserved, and the annoyance of leakage through 
I the bolt-holes ia avoided. A manhole and cover ia fitted 
I to all cylinders 3 feet in diameter and upwards, and a 



water-lifter and pipe t i i i ■Jiidtnsed steam 

The trunnion=i are bored to receive nozzles or junctions 
for admitting 8te^m and the whole when completed 
is carefull) balanced and tested bj steam pressure to 
35 lbs. per square inch The firm state that the^ have 
made cylinders from 2, to 10 feet m diameter b> this 
system. 

Self-addng Sit Felt Regulator. — This contrivance, 
which is manufactured by Messrs. Bentley and Jackson, 
is represented in front and aide elevation in Fig. 45. a 
ia the framing of the paper-machine, b the felt-rollers, c 
the dry felt; d is a slide carrying one end of the felt 
guide-roller b ; c is a shaft across the machine, with a 
pulley F, two-keyed on one end, and a bevel pinion two- 
keyed on the other end. The pulley F and pinion H arc 
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keyed together, and run loose upon the shaft g ; i is a 
bevel-wlieel, gearing into the pinions u and 2. The 
wheel I is connected hy a spindle and a pair of bevel- 
wheels to a screw e, whicli works through a threaded 




bush. When the machine is at work, if the felt c should 
run on one side, it will pass between the pulley F and the 
guide-roller b, causing the pulley to revolve, and turning 
the screw E in the threaded bush, thereby moving the 
alide fixing d and the guide-roller n, which causes the felt 
to run back. Should the felt run to the other aide, it will 
run in contact with the pulley F 2, and thus reverse the 
motion of the guide-roller ii. 

PapeiNcnttmgf Machine. — This machine (Fig. 46), 
which is manufactured by the same firm, is constructed to 
cut from one to eight webs simultaneously, in sheets of 
any required length, from 8 to 60 inches. It ia built on 
the " Vemy " principle, and its operation ia as follows : — 
The webs of paper from the reel-rolls are carried by an 
endless felt, and the paper is drawn off the rolls by 
travelling cast-iron gripper beams, which firmly grasp the 
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felt and the wel>8 of paper to be cut, the travel of the 
I beams bein^ e<iual to the length of the sheet of paper to 
' be cut. When the required length of the ehoet is drawn 




Fig. 46, 

from the rolls, a caat-iroQ clamp, placod close to the dead 
cross-cut knife, descenda and firmly holds the paper until 
the movable cross-cut kniie has cut off the sheets, which 
fall on a second endless felt, and are placed by the catchers 
in the usual manner. As aoon as the sheets are cut, the 
clamp is released, and the travelling-grippors are again 
ready to seize the paper and repeat the operation. 

Single Web Winding Uachine.— This machine {Fig. 47) 
is constructed for preparing webs of paper for continuous 
printing-presses. The roll of paper to be prepared is 
carried by brass bearings having vertical and horizontal 
screw adjustments attached to standards mounted on a 
sUde, and movable by a screw transversely on the machine 
to accommodate the deckle edges. The paper web is taken 
through a pair of iron draw-rolls, carried by brass bearings, 
fitted in cast-iron stands ; there are two pairs of ripping- 
knives with bosses, springs, and collars, mounted on turned 
wrought-iron shafts running in brass bearings carried by 
cast-iron stands ; a wrought-iron leading-roll and eurrj-ing 



COOLING AND DAMPING ROLLS. 

brackets fitted with brass bushea ; a copper raeasuring roll 
connter, geared to indicato up to 10,0i.iO yards, with dis- 
engaging apparatus to, cease measuring when the paper! 
breaks ; a frictioQ-drmii 2 feet in diameter, made of wooc" 




mounted on cast iron nngs and a wrought iron shaft all 
carefully turned and balanced two cast iron swivelling 
arma, with brass sliding bearings to carry the mandrel on 
which the prepared web ia to be wound, with screws, 
struts, wheels and shaft to regulate the angular pressure 
of the roll of paper against the wood drum, according to 
its weight and the quantity of paper. 

Cooling and Damping Broils. — The illustration (Fig. 48) 
represents au apparatus, constructed by Messrs. Bentley 
and Jackson, for cooling and damping paper after leaving 
the drying cylinders and before passing through the 
calenders. It consists of two brass rolls bored and fitted 
with cast-iron ends, brass nozzles, and regulating taps, 
through which the rolls are supplied with a constant flow 
of water. The rolls are carried by cast-iron standards, 
fitted with brass steps and cast-iron caps. Jets of steom 
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are blown on each of tJie rolls from a perforated copper 

■ pipe numing parallel with, and at a little distance frooi. 

the body of the roll. The steam U condensed on the cold 
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Fig. 48. 

surfaces of the brass roUa, and absorbed by the web of 
pfiper, which passes around and in contact with their sur- 
faces, and is consequently damped on both sides. The 
perforated steam-pipes are enclosed by copper hoods, fn 
prevent the steam from spreading, and the supply of 
steam is regulated by ordinary brass valves or cocks. The 
rolls are geared together by a pair of spur-wheels, and 
driven by a pulley of suitable diameter. 

Berersinff or Flate-glazmg Calender.— This machine. 
which is shown in 
Figs. 49 and 50, is 
also made by the 
firm referred to, 
and consists of two 
hammered • iron 
roUs, each about 
twelve inches in 
diameter, of any 
suitable length, care- 
' fully turned and car- 
ried by strong cast- 
iron standards, fitted with bell-metal steps. The top roll 




1 provided with setting-doi 



1 blocks and brasses, com- 



PLATE-PLANING MACHINE. 



9 



pound levers and weights to regulate the pressure re- 
quired. The two rolls are geared together by strong 
ahroiided wheels, and driven 
by a strong cast-iron spur- 
wheel and pinion, a driving- 
shaft, fast and loose pulleys, 
carried by cast-iron stands 
and pedestals fitted with 
brass steps. The machine is 
fitted with two metal feed- 
tables, and a seK-acting ap- 
paratus for return in IT the 
sheets to the rolls, and a - 
handle-lever, slide-bar, and ^'B' ^0- 

strap- forks for starting and reversing. 

Flate-plauiuf Kachine. — This machine, which is manu- 
factured by Messrs. Bryan Bonkin and Co., of Ber- 
mondsey, is shown in Fig. 51. By its aid the plates of 





rag-engines can be sharpened without being taken to 
pieces. The slide of the machine is made exactly like the 
roll-bar planing machine (see below), and is so arranged 
that it can easily be taken off and used for sharpen;' 
roll-bars. 
SoU-Bar Planing Slachine. — In the accomparying 







Mfr-engme ior etarpening rag-engine roll-bars, and it 
will be seen that by means of it the operation can be jwr- 
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formed witliout removing the roll from its usual position. 
The edges of the bars are first 
planed by a tool supplied by 
the manufacturers to render 
the whole cylindrical before 
sharpening them ; the bevelled 
sides are then planed by suit- 
able tools, two of which accom- 
pany the apparatus. This ( 
method of sharpening renders ' 
the bars uniform in shape, the 
roU ia kept in better working 
order, and it can be dressed 
in considerably less time, and 
at leas expense, than can be 
done by chipping by hand. 

Washing-CTliiiderforBag- Fig. 33. 

Engine. — The illustration at 

Fig. 53 represents the machine as manufactured by 
Messrs. Bryan Donkin 
and Co. It is so made 
that the water is delivered 
on the driving side -of the 
rag-engine, thus avoiding 
any trough across the en- 
gine, and admitting of the 
midfeather being thin, as 
is usual in cast-iron en- 
gines. It is all self-con- 
tained, and the driving 
apparatus is wholly on the 
outside of the engine. 
The raising and lowering 
are efEected by a worm 
and worm-wheel, so that 
the cylinder will stop at 
any point required. 

Bleacli Pump. —In the 
:companying engrav 
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I BanufactTired by Bryan Donkin and Co., wliich is ar- 
I tanged expresfily for the purpose of pumping up bleach- 




tained, and merely 
reqiiircs a drum and 
strap to drive it. 
The live and dead 
riggers upon the 
pump allow it to be 
started and stopped 
at pleasure. " In all 
paper-mills," say the 
manufacturers, "the 
bleach-liquor should 
be used overand over 
again, not only to 
save bleach, which 
amounts to a con- 
siderable sum in the 
"'' "' course of a year, 

but ilw to keep the paper elpan." 
Three Boll Smoothing-Presaes.^Thc engraving (Fig. 
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ifACHINERY USED IN PAPER-MAKING. 

) that every valve could be easily got at by simply re- 
asiDg the cover. The valve-scats are of brass, with brasa 
guards and rubber clacka. The plungers are of brass, 
with cup-leathers. All is fitted up on a cast-iron sole- 
plate, with tall standards, disc-cranks, and driving-pulley 
between frames. 

Web-glasiiig Caleader. — Fig. 58 represents Bertrams' 
web-glazing calender, with steam-engine attached. The 
^^^_ illustration shows the machine in front elevation. The 







Fig. 



sieam-engine is specially designed for this class of work, 
having two cylinders lO inches in diameter by 16 incbew 
stioke, fitted on a double-hooded sole-plate, with double- 
thtow crunk-shaft, fiy-wheel, two eccentrics, wrought-inm 
nhiMn'rods, connecting-rods and valve-roda, steam and 
«-\:faMtst branch pipes with one iulet valve, lubricators. 



REELING UACHIKE. 



and the cylinders cased 
with teak legging and 
brass hoops. 

Seeling Maohine. 
— One form of reeling 
machine nmnufactureil 
byBertranaa, Limited, 
is shown in Fig. 51*, 
and is used for slitting 
and re-reeling webs of 

Ciper, especially where 
rge webs are requi- 
site for web-calender- 
ing, web-printing, an<l 
suchlike. The reel lA 
paper from the papei- 
macbine is placed on 
a sliding-carriage ar- 
rangement, the brack- 
ets of which are planed 
and fitted to a planed 
sole, with wedge or 
dove-tail corners, and 
controlled by screws, 
hand- wheel, etc., so 
that the reel can 
quickly and easily be 
moved forward or bat^k- 
ward to suit any un- 
equal reeling that may 
have taken place on 
the paper or the ma- 
chine. A hot cast-iron 
is provided for mend- 
ing breaks in the web, 
and a measuring- roll 
and coimter is also 
applied. The ma- 
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chine has an important appUcatioB 
of drawing-ill or regulating rolla 
of cast iron, with arrangement of 
expanding pulley for regulating 
tho tension on the paper. Slit- 
ting-knives, regulating, dancing, 
or leading-rolls, of cast iron, etc., 
are applied for separatiiig the edgea 
and guiding the wehs after they 
ai'o slit. The reeling is performed 
l)v a 3-feet diameter drum, crosa- 
nhaftB, and arms, to which regulat- 
ing heads are fitted, so that several 
wcha can be run up at one opera- 
lion. 

Web-Bippuig KacMne. — This 
machine, which is manufactured by 
Slessra, Bentley and Jackson, is 
i shown in Fig. 60, and is con- 
tr stmcted to divide weba of paper 
'■^ into two or more widths. It con- 
sists of two brass bearings on 
cast-iron standards, with screw 
adjustments, a break-pulley and 
friction-regulator, all mounted on 
oast -iron sHdeB, movable trans- 
versely by means of a screw, 
geared- wheels, shaft and hand- 
wheel ; a wood guidu-roll, about 7 
inches diameter, with wrought- 
iron centres, carried by brass bear- 
ings with screw adjustment ; three 
skeleton drums, each 2 feet in dia- 
meter, on wrought -iron shafts, 
carried by brass bearings, and 
driven by spur-wheels and pinions ; 
two wrought-iron leading -rolU, 
with brass bearings and cast-iron 
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ROECKNER-S CLARJFIER. 



stands ; a pair of strong wrought- iron ripper shafta with 
circular steel knives, bosses, springs, and collars ; cast- 
iron stands and brass bettringa, spur-wheels and driv- 
ing-pulley ; two (or more) changeable wood drums 1 
foot 6 inches in diameter, each with wrought - iron 
shaft and catch-box, carried by brackets fitted with 
brass steps for easily changing, driven by wrought-iron 
shafts with pedestals and friction- pulleys, 2 feet in dia- 
meter, with regulating screws and lock-nuts, all carried 
by strong cast-iron framing and standards, and driven 
by a wrought-iron driving-shaft, with fast and loose 
driving-pulleys, strap-fork and levers for starting and 
stopping. 

Bioecbner'a Clarifier. — In this apparatus, of which an 
illustration is given in Fig. 61, Mr. Eoeckner has taken 
advantage of the fact that if a column of liquid is ascend- 
ing very slowly and quietly within a vessel, it will not bo 
able to carry up with it the solid particles which it con- 
tains, which will gradually fall back and sink to the 
bottom under the action of gravity, without ever reaching 
the top of the vessel, provided this be of sufficient height. 
The illustration shows the arrangement of the apparatus 
on a small scale ; the liquor to be clarified is run into a well 
or reservoir b ; into this dip a wrought-iron cylinder e, 
which is open at the lower end, hut hermetically closed at 
the top by means of the casing d. From this casing air can 
be withdrawn through a pipe, h, by means of an air-pump v. 
As soon as this is done the liquid will begin to ascend the 
cylinder c, and if the height of this is below that to which 
the water will rise at the atmospheric pressure (say 25 feet), 
the liquid will ascend until it fills the cylinder and the 
casing. Into the pocket at the side of the casing there 
dips a pipe g, which passes out through the opposite side 
of the casing, descends below the level of the water in the 
tank, and ends in a discharge- cock. When this cock is 
opened, the cylinder c and the pipe g form between them 
a syphon, of which, however, the descending leg is of veiy 
Hmall diameter compared with the ascending leg. In con- 
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I nequonce, the liquid will rise in the cylinder c very slowly. 

I The sediment it contains will sink back and collect in the 
I bottom of the tank b, and clear water will flow out at the 
I outlet. A Hludge-cock at the bottom of the tank allows 




Fig Gl 

the solid matter to bo drawn off at intcrrals and conveyed 
to any convenient place for drying, etc," For drawing 
clear water from a river, the clarifier would simply be 

• Sanitary World, Sluroli 29th, 1881. 



MARSHALL'S PERFECTING ENGINE. Jot" 

placed in the river, dipping 3 or 3 inches into it below 
the lowest water-level. The clear water will then be drawn 
through the clarilier, whQe the heavier matters will fall 
down and be carried away by the river current. It ia 
stated that this has proved a ereat advantage to a paper- 
mill whicli used a river, and nad, prior to its use, been 
much troubled through the dirt being pumped with the 
water. The clarifier to receive the waste from paper- 
machinery, or from washings in the engines, can be placed 
in any convenient comer, and by its action the water can 
be re-nsed, and the otherwise lost fibres collected, without 
its action ever being stopped. 

Harahall's Perfecting Engine. — This engine, a longi- 
tudinal section of which is shown in Fig. 63, has been 
introduced into this country by Messrs. Bentley and Jackson, 
and is described in Industries* as foUows : — "The machine, 
which is the invention of Mr, F, Marshall, of Turner's 
Falls, Mass., IT.S. A., ia used in one of the processes of paper 
manufacture, and has forita purpose the more effectual draw- 
ing of the pulp fibre, the clearance of knots from the pulp 
previous to its dehvery on to the paper-making machine, 
and the saving of time in the treatment of the material. Aa 
will be seen in the illustration (Fig. 62), the machine con- 
Hists esBentiaUy of a cast-iron conical casing, bored, and 
fitted with about two hundred elbowed steel knives, g, 
placed in sections. At the large end of this conical casing 
ia placed a movable dtsc, also fitted with about two hun- 
dred and ten steel knives, F, and capable of adjustment by 
means of a screw, worm, worm-wheel, and hand-wheel, E. 
The revolving cone and disc are of cast iron, fitted with 
straight steel knives firmly keyed upon a hammered iron 
shaft, and carefully balanced to prevent vibration. The 
knives of the revolving cone and disc are brought into 
contact with the stationary knives by means of the hand- 
wheel E, and the disc-knives can be independently ad- 
justed by means of the hand-wheel c, which actuates a 
screw on the conical casing by means of the worm a 

■ Induitrica, January 36th, 1889. 
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1-wheel Bhown, The macliine is driven by means of 
a pulley A. and the 
whole machine is 
mounted on a cast- 
iron base-plate. The 
pulp material enterB 
the engine in the 
direction indicated 
by the arrow, b, at 
the small end of the 
cone, and ia, by the 
rotary and centri- 
fugal action of the 
revolving cone, pro- 
pelled to its large 
end, and during its 
passage is reduced 
to a fine pulp by 
the action of the 
n Isnives. It theil 
passes ihrougli the 
knives, f, o£ the 
stationary and ro- 
tating discs, by 
which the fibres are 
further crushed or 
split up, all knots 
or strings rubbed 
out, and the pulp 
effectually cleared 
previous to its exit 
through the passage 
i>." We are inform- 
ed that the machine 
is capable of treat- 
ing from 9001bs. to 
1 ,200!b9. of pulp per 
hour. The power required to drive it is estimated at from 



PERFECTING MACHINE. 

40 i.li p to 50 1 h p when making 300 revolutions per 
niinute Thia however la dependent on the amount of 
friction caust.d between the surfaces of the fixed aiid 




revolving knives. The flow space occupied is 12ft. 6in. 
in length, and 4ft. in width. The perfecting machine, in 
its complete foim, is shown in Fig. 63. 




I Eflcovery of Soda.— Evaporating ApparatoB.— Roectner's ETaporator.— 
Porioo'a EvapDrator — American System of Soda EMOVBry.— 
Taryan Evaporator. 

SecoTerjr of Soda. — Probably one of the most important 
imp ro vein enta in modem paper-making, at least from an 
economical point of view, is the process of recovering one 
of the most costly, and at the sam.e time most extansively 
used, materials employed in the manufacture — soda. While 
not a great many years since (and in some mills is still the 
case even now), it was customary to allow the spent soda 
liquors resulting from the boiling of various fibres to run 
into the nearest rivers, thus not only wasting a valuable 
product, but alao polluting the streams into which they 
were allowed to flow, means are now adopted by which 
a considerable proportion of the soda is recovered and 
rendered available for further use. The means by 
which this is effected are various, but all have for their 
object the expulsion of the water and the doatruction of 
the organic matters dissolved out of the fibrous substances 
in the proceas of boiling with caustic aoda solutions. One 
of the main objects of the various methods of recovering 
the soda from spent liquors is to utilise, as far as prac- 
ticable, all the beat that is generated from the fuel used, 
whereby tbe process of evaporation may be effected in the 
most economical way possible. The principle upon which 
the most successful methods are based is that the flame 
and heat pass over and under a scries of evaporating pans, 
and through side flues, by which time the heat has become 



EVAPORATING APPARATUS. 

thoroughly utilised and exhausted. When all the water 
has been expelled, the resulting dry mass is ignited and 
allowed to bum out, when the black ash that reraaina, 
which is carbonate of soda, is afterwards dissolved out, 
and the alkaKne liquor causticiaed with lime in the usual 
manner. According to Dunbar, 8 cwt. of recovered ash 
and A.\ cwt. of good lime will produce 900 gallons of 
caustic ley at 11" Tw. The liquor ia then pumped into 
settling tanks, from which it is delivered to the boiler.s 
when required. 

Evaporatiag Apparatus. — An ordinary form of evapo- 
rator for the recovery of the soda ia shown in Fig. 64. It 
consists of a chamber a, of the nature of a reverberatory 




furnace, lined with fire-brick, the bottom of which ia 
slightly hollowed. Above this is a tank b containing the 
liquor, which is run down into the chamber as required 
by means of a pipe c, provided with a tap. At one end of 
the chamber ia a furnace D, the flame of which passes 
through the chamber and over the surface of the liquor 
lying upon the floor, heating the chamber, evaporating, 
and at lust incinerating, its contents, and at the same time 
warming the Kquor in the tank above, and evaporating 
some of its water. The products of the combustion in the 
furnace, and of evaporation, pass by the flue into a chim- 
ney, and escape thence into the air. There is a door e in 
the side of the furnace near the level of the floor of tb&J 
chamber, and this is opened from time to time to e 
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the workmea to stir and move about the contents of tiie 
chamber, and finally, when the proceas ia sufficiently 
L(dvanced, to draw out the residue. The first eSect pro- 
vduced is the reduction of the liquor to the consistence of 
"tar. Later on, a white cruat, which is the incinerated 
material, forms on the surface, and is drawn on one side 
by the workmen, so us to allow of fresh crust being formed, 
When all the charge has become solid it is drawn. The 
charge is usually withdrawn before the conversion into 
carbonate is completed ; it is then raked out into barrows 
and placed in a heap, generally in a shed or chamber, open 
on one side, but sometimes in a closed brick-cbamber or 
den, where the combustion continues for several weeks. 
The result is the fusion of the material into a grey rocky 
substance, which consists chiefly of carbonate and silicate 
of soda. 
I Various modifications of the esparto evaporator and cal- 
[ ciner have, however, been introduced since the recovery of 
floda has become more general, and are in use at various 
works, all having for their main object the economising of 
fuel and the utilising of the waste heat of the fire, which 
in the old-fashioned calciner goes up the chimney and is 
lost. The leading principle of all of them is to use the 
waste heat in concentrating the liquor preparatory to its 
being run into the part where the calcination is to be 
effected. This is done by bo extending and widening out 
the flue as to cause the heated air and flame, after they 
have performed their function in the calcination, to pass 
over or under their layers of liquor, lying upon shelves or 
floors in such a way that the liquor shall become more and 
more concentrated as it approaches the calciner by suc- 
cessive steps or gradations.* — Dr. Ballard. 

Boeckner'B Evaporator.— This apparatus, an illustration 
of which is shown in Fig. 65, is thus described by Dr. 
Ballard, medical officer of the Local Government Board, 
who was specially appointed by the board to investigate 
the effluvium nuisances which arise in connection with 
■ " Stventh Aiimi:il Report of Lotal Guvemmtot Board," 1877-8. 



certain manufacturing industrioa. " In this apparatus 
there is above the calcining floor a aeries of ahelvea or 
Bhallow pans, alternating in such a manner that the liquor 
flowing from the tank above into the uppermost of them, 
flows, after a partial evaporation, over the edge of the 
shelf into the shelf or shallow pan next below, and in this 
way from shelf to shelf, atill becoming more and more 
concentrated until it reaches the final floor, over which the 
flame from the actual fire plays, and where the first part 




■, m passmg 



Fig. 65. 



of the calcination is effected. The heated a 
to the chinmey, passes over each of these shelv* 
cession, heating them and concentrating the liquor upon 
them. There is between the lower shelves an arrange- 
ment for causing the liquor to pass from the upper to the 
lower by means of a pipe, instead of its running over the 
edge. At the top of all is a covered tank, where the tem- 
perature of the liquor ia raised before it is run into the 
evaporator. In order to promote the heating of the liquor 
in this tank, the lower part of the tank ia made to com- 
municate by side pipes with tubes passing across the 
evaporator near the fire, as, for instance, at the bridge and 
at the further end of the calcining floor. In this way a 
circulation of liquor is set up which serves to heat t 
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liquor in the tank more effectually. A pipe from the top 
of the tank leads to the chimey-shaft, conducting any 
vapoura into it. As the incinerated crust forms it is rakea 
on one side, and when sufficient of it haa acciunidated it 
is drawn to an opening (provided with a damper) at the 
Bide or end of the floor, and discharged down this open- 
ing into a brick chamber below, wMch is inclosed by iron 
doors, and from which a fine conducts the vapours that 
arise during the final fusion through the fire in such a way 
as to consume them." By recent improvements Mr, 
Roeekner has constructed an apparatus for condensing and 
rendering inoffensive the vapours eliminated from the 
liquor during its evaporation on the successive shelves of 
his evaporator. 

Forion's Evaporator.— This evaporator and incinerating 
furnace much resembles in principle an ordinary reyer- 
beratory furnace, except that it ia provided with paddle 
agitators, which project the liquid upwards, causing it to 
descend in a spray, thus increasing the surface of the 
liquid coming in contact with the hot air and current of 
smoke traversing the furnace. By this method the expense 
of fuel is greatly reduced. The residue is in a state of 
ignition when it ia withdrawn from the furnace, and is 
piled in heaps so that it may bum slowly. When the 
combustion is complete, the resulting calcined mass is 
treated with water, and the carbonate of soda formed is 
afterwards causticised in the usual way. About two-thirds 
of the soda is thus recovered. 

The Yarytui Evaporator. — Mr. Homer T. Yaiyan, of 
Toledo, Ohio, U.8A., haa introduced some important 
improvements in evaporating apparatus, which have been 
fully recognised in America, and appear to have been 
attended with success. The principle involved is that of 
multiple effects, in which the evaporation takes place 
while the liquid is flowing through heated coila of pipe or 
conduits, and in which the vapour is separated from the 
liquid in a chamber, at the discharge end of the coils, and 
is conducted to the heating cylinders urrounding the 
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evaporating coils of the next effect, from the first to tl 
laat effect. The objecta of the invention are : (1) to proyidi 
extended vaporising coiia or conduits and increased heat 
ing surface for each liquid feed supply in the heating 
cylinders, and provide improved 'means for feeding the 
liquid, whereby each set or coil of vaporising tubes will 
receive a positive and uniform supply of liquid without 
danger of the feed ducts being clogged by extraneouH 
matter ; (2) to positively control the amount of liquid fed 
by the pump to the evaporating coila, and make it more 
uiiifomi than heretofore, regardless of the speed of the 
pump ; (3) to provide improved separating chambers at 
the discharge ends of the vaporising coils so as to better 
free liquid and solid particles from the vapours ; (4) to 
provide for the successful treatment of the most frothy 
liquids by causing the vapours carrying solid and liquid 
particles to pass iJirougb catch-all chambers, where they 
are arrested and precipitated and then returned to the 
evaporating coils; (5) to secure a more positive flow and 
circulation of liquid from the evaporating cylinder of one 
effect to another, under the influence of a better vacuum 
than heretofore in multiple-effect vacuum evaporating 
apparatus; (6) to provide for transferring a better con- 
centrated liquid into the separating chamber containing 
cooler concentrated liquid in direct connection with the 
condenser and vacuum pump, so as to equalise the tem- 
perature of the two liquids, and then draw off both by one 
tail pnmp. 

The present invention comprises a series of important 
improvements on an apparatus described by Mr. Yaryan 
in a former English patent, No. 14,162 (1886), and covers 
a number of important modifications in construction, 
wbereby improved results are secured. It is only neces- 
sa^, therefore, to give the details of the new patent, No, 
213 (1888), since it embodies the latest improvements 
wliicn practical working of the apparatus has suggested. 
In reference to the accompanying illustrations the follow- 
ing details are given : Fig. 66 represents a side elevation 



ow- A 

k 




Fig. 66, 
plan view ; Fig. 69, a vertical section of a cylinder shoving 




tlie evaporating coils and separating chamber ; Fig. 70 is a 
Horizontal section ; and Fig. 71, a vertical section of the 
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effect, with four connected cylinders, but mnltiple effect 
upparatuB may be constructed with an increased number 
of cylinders up to ten or twelve. The heating cylinders 
h' b* b' B^, containing the evaporating tubes or coila, are 
preferably arranged in the same horizontal plane, and are 
provided at the discharge ends of the evaijorating coils 




Fig. 73. 



with separating chambers, \' a* a' a*, of enlarged diame- 
ter, and at the supply ends of the coils with the coils with 
return bend ends, c' c' c' C*. From each separating cham- 
ber, a', a*, valve pipe d' d^ d' leads into the shell of the 
next heating cylinder, as b*, b', b', and vapour pipe n' 
leads from the last separator a* to the condenser H, and 
thu vacuum pump ii'. A cylindrical catch-all chamber 
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e', b', e^, e*, is connected in each vapour pipe between each 
separator and each suceeasive heating cylinder, as shown 
in Figs. 66, 67, and 6S, and in detail in Fig. 75. ~ 
glass and liquid receiving chumbeTs, g', g^, g^, g*, connect 
with the bottom of each separating chamber for receiving 
the liquid as it is separated from tne vapour, and a gauge 1 




Fig. 81, 



glass g is applied to each of such chambers. Liquid dis- 
charge and transfer pipes t, i^, having valves A, A', as best 
shown in Figs- 66, 68, and 72, lead respectively from cham- 
bers g', g^, of the first and second effect to the manifold 
feed pipes leading into the cylinders n*, b*, of the third 
and fourth effect for the purpose hereafter described. The 
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nuin ateam sappljpipe r, having a safetr valve, /" and stop 
valve y. Figs. 06, tST, aod 68, eoonei^ with the heating 
cj'linder b' of the StA effect. The evaporating tubes 1, 
2, 3, 4, 5, are expanded or otherwise secured in the tube 
■beets ti and e" aX opposite ends of the crlinders, and are 
properly connected at the ends in sets of five to lonn 
r-oilfl. The outer rear retiim-bend head c' c^, etc., are 
provided on their insides with numerous short intersecting 
partition plates e, forming single and double cells, pro- 
perly arranged for connecting the evaporating tubes in 
sets of five, as shown in Figa. 75, 76, 77. 

The heads are pierced with holes c iar connecting the 
liquid supply pipes u of the manifolds i.. The inner 
return-bend head T in the separating chambers are formed 
-like heads c' c^, etc., with intersecting partition plateau, 
and are provided with discharge openings f for every fifth 
tube, as shown in Fig, 69, Tube sheet d is made oJE con- 
siderably larger diameter than cylinders b' b', etc., and 
unt.s as a vibrating diaphragm, to accommodate the expan- 
sion and contraction of the tubes. The separating chani- 
bortt may be constructed with dash plates i b, two or more 
in number, having openings g <f alternately upon opposite 
flides for the passage of vapour, and opening a' at the 
bottom for the passage of liquid, as shown in Fig. 80. 
Here a tube sheet z is provided near the openings of the 
evaporating tubes, and in such sheet are set numerous 
small horizontal tubes n, which discharge against a 
vertical arresting plate b' set near their open ends. Water 
and solid matter are impelled against the plate and 
thereby arrested and caused to flow down to the bottom of 
the chamber. Tho liquid feed apparatus consists of a 
supply tank k, stuiid-pipe j, feed box k', double 
pump 1, manifold i., and connecting pipes and valves, 
Tho liquid to be evaporated flows from tant k, through 
pipe k, to stand-pipe J and bos k', the flow being constant 
and uniform, and of the desired quantity, by means of a 
valve k' having a lever handle / which is connected by a 
cord or chuiu passing over a pulley j with float q in stand- 
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pi^o J. Tbe valve opening in pipe k beinw properly 
adjusted by means of tbe float, etc., the liquid la admitted 
to tbe stand-pipe j wbile the column of liquid is automa- 
tically maintained at any desired height and pressure 
regardless of the quantity in the supply tank, by means of 
the float y, which, as it rises, tends to close valve A', and 
as it falls, to open the valve. From tbe bottom of the 
Btand-pipe j, nozzle^' discharges a constant and uniform 
stream of liquid into feed box k'. The suction pipe i" of 
pump I extends into box k^, where it tenninates in a 
turned-down nozzle provided with, valve i having a lever 
handle and float s. As a given amount of liquid is con- 
stantly running into the box, should the pump run too 
fast the float lowers, partially cloHing the valve and 
leaaening the amount of liquid drawn at each stroke of 
the pump, and preventing air from being drawn in, since 
the end of the suction pipe is always sealed by the liquid. 
Tbe liquid is forced by pump i into the manifolds l, from 
which it flows through . the contracted ducts I into the 
enlarged feed pipes m, as shown in Figs. 73 and 74. Ducts 
I are of about ono-haLf inch diameter, and the upper and 
lower sections thereof are connected by a union coupling, 
one portion of which /' has a reducer with opening one- 
quarter inch diameter, more or less, according to the 
amount of liquid it is desired to feed. 

The catch-all chambers e^ e^, etc.. Figs. 66, 78, and 79, 
are provided each at its inlet end e, with tube sheet o 
extending across its diameter a short distance in front of 
the opening of vapour pipe d', and in such sheet are fixed 
numerous longitudinal tubes p extending to _ near the 
opposite head e', so that vapours carrying watery or solid 
particles are impelled against the head and arrested. 
Xiiquid and solid matter, arrested in the catch-all chambers, 
flow through pipes v v' r" down into the fluid transfer pipe 
t ( (Figs. 67, 68, and 72), and thence into tbe evaporating 
coils and through pipe ^" directly to the tail pump w, 
Fig. 67. By use of the catch-all chambers the most frothy 
liquids can be readily and economically managed. A 
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liquid transfer pipe », having a valve h", leads directly 
from receiving chamber G* of the third, effect to die 
separating chamber a* of the fourth effect, the latent heat 
being carried off in the vapours drawn by the vacuum 
pump ii' into the chamber h, and the finished liquid of 
both effects is drawn off through pipe w by one and the 
same tail pipe pump vf. The water of condensation accu- 
mulating in the heating cylinders B^ r?, etc., is transferred 
from one to the other through connecting pipes u u «" 
having valves y, shown in Figs. 66, 67, and 68 ; and finally 
from cylinder b* through pipe w'" directly into condenser 
H, The specification of the patent, which those interested 
will do well to consult, next describes the operation of the 
apparatus. 

American System of Soda BecoTerjr. — Mr. Congdoa 
gives an exhaustive description * of the method of recover- 
ing soda in the Unit«d States, from whoso interesting 
paper we extract the following : — ^The spent liquors are 
delivered to the Yaryan evaporator from the pans at a 
density of 6^ to T B. at 130" F. Here they are 
concentrated to 34° to 42° at 140° F. At this density 
they are fed into furnaces of a reverberatory type, where 
they are burnt to a cherry-red heat, and the ash then 
raked out. This ash, which averages 50 per cent, of soda, 
is weighed in iron barrows on suitable scales, and wheeled 
into the leaching-room for lixiviation. The system of 
leaching, as it is termed in the States, is conducted as fol- 
lows ; — Iron tanks are used, with suitable piping, that 
allows pumping from one tank to another, and also to 
pump from any one of them up to the causticising tanks 
in the alkali-room. There is also a water-line by which 
water may be pumped into any of the tanks, and there ia 
a spout used in washing away the black ash sludge. The 
leaching- tanks have false bottoms of Sin. by 2in. stuff, 
placed crosswise, over which is a layer of gravel, on which 
lies a layer of straw, by which the liquor is filtered. The 
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gravel 18 removed every few days, and the straw with 
every charge. When one of the tanks is filled with Hack 
ash, it is "wet down" with the stored liquor (the atrougest 
of the stored weak liquors), end also with the strongest 
weak liquors from the tanks, and with weak liquors 
obtained from these tanks by pumping water upon them 
and keeping them full. This is all pumped up to the 
causticising-tank until the strength is reduced to 2" or 
1J° B. The remaining liquor is then drained into a tank 
known as the " clear-liquor " tank, owing to there being 
no black ash in it. The liquor from the next weakest pan 
is then pumped upon the pan containing the black ash, 
and the next weakest liquor pumped upon this. The 
weaker pans are then in auceesaion pumped upon the 
stronger, and the water pumped upon these, and thus a 
very perfect washing is obtained. The sludge left behind 
is nothing but charcoal, with a slight trace of carbonate 
of soda. Mr. Congdon iUustrates the above system thus. 
The tanks stand as follows : — 

No. I, Clear liquor, 1" to 2" B. (strongest). 

No. 2. Black ash sludge (weaker than No. 3). 

No. 3. Black ash, after sending up to causticising-tank 
(strongest sludge). 

No. 4. Fresh black ash. 

No. 5. Weaker than No. 2 (sludge only). 

No. 6. Weaker than No. 5 (sludge and weakest liquor). 

The method of procedure is as follows : — 

Liquor from No. 3 drained into No. 1 [now full). 

No. 6 pumped on to No. 2 (No. 6 sludge thrown away). 

Liquor from No. 2 drained upon No. 3. 

Water put on No, 5. 

No. 5 pumped upon No. 2 (No. 5 sludge thrown away). 

The bla<;k ash is treated thus : — 

No. 4, full of black ash, is wet down with Nos. 1, 2, 
and 3, and pumped up to the causticising-tank. 

Water is piimped out to Nos. 3 and 3, and then drained 
upon No. 4, the liquor still being pumped up from No. 4 
while the water is being pumped upon Nos. 2 and 3, 
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which are kept fulL This is continued until the liquor 
tests only 2^ to 1° B. 

No. 4 is now drained upon No. 1. 

No. 3 pumped upon No. 4, and this drained into No. 1 
(now full). 

No. 3 pumped upon No. 5. 

Water pumped upon No. 2 (No. 2 the next to be thrown 
away). 

No. 5 is by this time full of fresh black ash, and the 
same process is carried out with No. 4. 




^TERMimNG THE REAL VALUE OR PERCENT- 
AGE OF COMMERCIAL SODAS, CHLORIDE 
OF LIME, ETC. 

Examination of Commi'rcittl Sodas. — Mohr'sAlkHlimeter.— Preparation of 
the Test Acid. — 8i»niplinj|: AlbHlicH. — The Assay .—Eatimation of 
Chlorino in Bleaching Powdor. — Fcosenius' Mothod. — Gay-Luseac's 
"" ■- • • — Testing the Sample. — Esbmstioii of 



In a maiiiifacture such as paper-making, which involTefl 
the consumption of enormous quantities of materials of 
variable quality, as soda ash, cauatic soda, and bleaching 
powder, for example, it will be readily seen that some 
means should be at the command of the consumer who 
does not avail himself of the services of a practical chemist 
at his works, by which he can ascertain the actual value of 
the various substances he uses. An art which, up to a 
certain point in its progress, is mainly a chemical opera- 
tion, it would undoubtedly be more safely and economically 
conducted when supervised by persons well acquainted 
with chemical principles and reactions, and less dependent 
upon individual judgment, than is, perhaps, too frequently 
the case. Under such supervision more perfect uniformity 
of results — a cons i deration of the greatest importance in 
a manufacture of this kind— would be ensured. 

Examination of Commercial Sodas.— The methods of 
determining the percentage of real alkali in the commer- 
cial products which have received the name of Alknl- 
imetri/ are fortunately of a simple character, and such us 
a person of ordinary intelligence and skill can readily 



M» PERCENTAGE OF COMMERCIAL SODAS. ETC. ' 

manipulate and render thoroughly reliable by exerting tie 
iieceHsmy care. He must, however, be provided Tviti a 
few indiepeiisuble appliances, which will be described, and 
with these he should make several trials upon varioua 
samples until he finds tRat his results are uniform and his 
manipulation easy and reliable. He will require a chemical 
balance,* capable of weighiup; to the tenth of a grain ; a 
few glass " beakers " {Fig. 83) of various sizes, capable of 
holding from four to eight or ten onnces of fluid ; several 
glass stirrers ; a bottle of litmus solution, made by dissohin;; 
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Fig. S3. Fia;. S4. Fi^. 86. 

Htmus in hot water ; books of litmus and turmeric papers; 
and several glass flasks (Fig. 84) of various' sizes, capable 
of holding from four to eight ounces. Besides these 
accessories, certain measuring instruments, termed alkali- 
mefet-s or burettes, are employed, of which cither of the 
two following may be employed. These instruments are 
of glass, and hold up to or zero exactly 1,000 grains. 
The scale is graduated in a hundred divisions, which are 
u^in subdivided into tenths. Bink's burette is shown in 
Fig. 85, and Mohr's burette in Fig. 80. The latter, being 
provided with a stand, enables the operator to add the test 



liquor — with yhicli the burette is charged — drop by drop, 
Tchen the alkaline solution to be tested ia near the point of 
Bftturation, without engaging the hands. 

Kohr's Alkalimeter.— This useful instrument (Fig. 86) 
and the method of using it is thus described by Mohr : — 
" I have succeeded in substituting for expensive glass 
stop-cocks an arrangement 
which may be constructed 
by any person with ease, 
\«iich remains absolutely 
air and water-tight for an 
indefinite period, which 
may be opened and regu- 
lated at will by the pressure 
of the fingers, and which 
costs almost nothing. It 
consists of a small piece 
of vulcanized indiarubber 
tube, which is closed by a 
clamp of brass wire (Fig. 
87). The ends of this 
clamp, which I caE a pres- 
sure-cock, are bent laterally 
at right augles in opposite 
directions and furnished 
with knobs, so that when 
both ends are pressed the 
clamp is opened, and a 
single drop or a continuous 
current of liquid may be allowed to escape at pleasure. 
The measuring-tuba is a straight glass cylinder, as uni- 
form as possible, graduated to 02 or O'l cubic centi- 
metres, and somewhat contracted at its lower end, so as 
to fit into the indiarubber tube. A small piece of glass 
tube inserted below the pressure-cock forms the spout. 
The pressure-cock has the advantage of not leaking, for 
it closes itself when the pressure of the fingers ia re- 
moved. The measure, furnished with the pressure-cock. 
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^^^Bie fastened iipon an appropriate stand, which can 
^^^B plucod nt any required height. When used, it is filled 
^^^V above the zero point with test liquor, the cock opened 
^^^K for an instant, so as to let the air escape from the 
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apout, and the level of the solution is then adjusted. 
This is done by bringing the eye level with the zero point, 
and applying a gentle pressure to the coek until the liquid 
has sunk so low that the inferior curve of the liquid 
touches the graduation like the circle of a tangent ; the 
cock is then closed, and at the same moment the liquid 
remains at zero, and continues to do so for weeks if evapo- 
ration is prevented. The test-measure being normally 
filled, the experiment may be commenced; this is done 
sitting, while the filling of the measure ia done standing. 
" The weighed sample of alkali is first placed in a 
beaker-glass, and the test-liquor is allowed to flow into it 
by gently pressing the cock. Both hands are set at liberty, 
for when the pressure-coct is released it closes of itself. 
The volumetric * operation may be interrupted at pleasure, 
in order to beat ih& liquid, shake it, or do whatever else 
may be required. The quantity of liquid used may be 
read off at any moment, and in repeating an experiment, 
the limit of the quantity used before may be approached 
so near that the further addition of liquid may be made 
drop by drop." The test-acid to be used tolumetrically — 
that is, with the alkaliraeter, has a specific gravity of 
1'032 at 60° r., and 1,000 grains by measure contain 
exactly 40 grains of real or anbydrous {that is, without 
water) sulphuric acid. 

The chemical principles involved in the process of alkali- 
testing may be thus briefly stated :— According to the 
laws of chemical combination defined by the atomic theory 
of Dalton, all substances combine in definite proportions or 
" equivalents " ; thus, 1 part by weight of hi/drogeii com- 
bines with 8 parts by weight of ati/gen to form water. 
* Thers ore two pHncipn! msbhods of nnulysin); ar aseapng alkaties hj 
means of the teat-acid, namely, volumrtric, or by rulume, and ffravimelrir, 
or by waigh', in which a speuific gravity bottle, capable ol holding totaciiy 
1,000 grauiB of distilled water, in usLd. 
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The equivalent number of Hydrogen, therefore, ia 1, and 
of oxygen 8, and that of water 9. Againj 3 equivalents 
of oxygen combine with 1 equivalent of sulphur (16) to 
form sulphuric acid ; thus, sidphur 16, oxygen 24, equals 
anhydrous sulphuric acid 40 ; therefore 40 is theejMwa/eni 
or combining number of this acid, and it cannot be made 
to unite with alkalies or other bases in any other propor- 
tion. For example, 40 graim by weight of pure sul- 
phuric acid will neutralise exactly 53 grains of dried car- 
bonate of soda, 31 grains of pure anhydrous soda, or 40 
grains of hydrate of soda (caustic soda). This being so, it 
IS only necessary to have exactly 40 grains of real sul- 
phuric acid in 1,000 grains of water to form a test-acid, 
which, when employed to neutralise an alkaline solu- 
tion, will show, by the proportion of dilute acid used to 
saturate the alkaK, the absolute percentage present in the 
sample. 

Preparation of the Teit-Acid or Standard Solntion. 
— As there is some trouble involved in the preparation of 
the test-liquor, it is advisable to prepare a sufELcient quan- 
tity at a time to last for many operations. It may be 
readily made by mixing 1 part of concentrated sulpliuric 
acid with 11 or 13 parts of distilled tcater, the mixture being 
made in what is termed a " Winchester " bottle, which 
holds rather more than half a gallon,' and is provided with 
a glass stopper. The acid solution must be adjusted or 
brought to the proper strength after it has cooled down 
to 60° F. ; and it should be faintly tinged with litmus, 
which will give it a pinkish hue. The acid, to be of the 
proper strength, shoiild exactly neutralise 53 grains of 
pure carbonate of soda, previously »calcined at a red heat, 
or 31 grains of pure aiihydrous soda. To prepare the 
anhydrous carbonate of soda, a few crystals of carbonate 
of soda are placed in a Berlin porcelain crucible, and this 
must be heated over a spirit-lamp or Bunsen burner. 
"When all the water of crystalliBation has become expelled, 
the calcination is continued until the mass ia at a bright 
red heat, when the vessel may be allowed to cool. 53 
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grams of tlie calcined carbonate are now to be carefully 
weighed, and nest dissolved in a glass beaker, in about 
2 ounces of distilled water. The alialimeter is now to be 
charged with the teat-acid to the level of zero, and (if 
Mohr'a burette be used) the beaker containing the alkaline 
solution is to be placed upon the stand immediately beneath 
the esit-tube. Now presa the knobs of the pressure -cock, 
and allow a portion of the liquor to flow into the beaker. 
When the effervescence which immediately seta up mih- 
sides, make further additions of the test-Kquor from time 
to time, until the effervescence becomes sluggish, at which 
period the acid must be added with greater caution. When 
the solution approaches saturation it acquires a purplish 
tint (due to the litmus with which the acid is tinged), 
which it retains until the point of saturation is reached, 
when it suddenly changes to a pilik colour. After each 
addition of the acid the solution should be stirred with a 
thin and clean glass rod ; and before the final change from 
purple to pink, the end of the glass rod should be applied 
to a strip of blue litmus paper, when, if the moistened 
spot touched assumes a red colour, the saturation is com- 
plete ; if, on the contrary, the paper is unchanged, or has 
a violet or reddish hue, add the test-liquor, one or two 
drops at a time, with continued stirring, until a drop of 
the solution applied with a glass rod reddens litmus paper,' 
when the saturation is flnished. If any test-liquor remain 
in the burette, this indicates that there is excess of acid in 
the test-liquor; consequently more distilled water must be 
added to the bulk, the burette emptied and refilled with 
the reduced liquor, and another 53 grains of anhydrous 
carbonate of soda treated as before, until 1,000 grains of 
the acid liquor exactlff neutralise the solution. Should the 
whole contents of the burette in the first trial be used 
before saturation is complete, a little more sulphuric acid 
must be put into the Winchester or test-dcid bottle, and 
a 53-gTain solution of carbonate of soda treated aa before. 
A very little practice will enable the operator to adjust 
his test-liquor with perfect accuracy ; and, to prevent 
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mititakes, the bottle should be labelled "Test-acid," and 
always be kept closed by its stopper. 

Sampling ALkalies. — Soda-aah. of commerce is usually 
packed in wooden casks, and in order to obtain a fair 
average sample from a large number of these casks, which 
may represent one consignment, it is important to take 
small samples, as near the centre of each cask as possible, 
from as many of the casks as time will permit. Each 
sample, as drawn from the cask, should be at once placed 
in a rather wide-mouthed bottle furnished with a well- 
fitting cork. Each sample should be numbered and marked 
with the brand which distinguishes the cask from which 
it was taken. The duty of Bam.pling should be placed in 
the hands of a person of known integrity and intelligence. 

When about to teat a sample of soda-ash, the contents 
of the bottle should first be emptied upon a sheet of dry 
paper, and the larger lumps then crushed to reduce the 
whole to a coarse powder, and this must be done as quickly 
as possible to prevent absorption of moisture from the 
atmosphere, 100 grains of the alkali must now be accu- 
rately weighed and put into a glass flask (Fig. 84), and 
the remainder of the alkali returned to the bottle and the 
vessel securely corked. About half an ounce of distilled 
water ia then to be put into the flask and gentle heat 
applied, with an occasional shaking, until the alkali ia all 
dissolved. The flask is then to be set aside for a few 
minutes, imtil any insoluble matter present has subsided, 
when the clear liquor is to be carefully poured into a 
beaker glass ; the sediment must be washed several times 
with small quantities of distilled water, and the washings 
added to the solution in the beaker. This washing ia of 
great importance and must be performed several times, or 
until the last washing liquor produces no effect upon yellow 
turmeric paper, which even slight traces of alkali will turn 
a brown colour. 80 long as this brown tint is given to the 
turmeric paper the presence of alkali is assured, and the 
washing must be continued. It is important, after each 
washing, to pour off the last drop of the liquor above the i 
sediment, by which the operation is more efleotual, and i 
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effected with less water than when this precaution is not 
observed. In order to ensure perfect accuracy in the result, 
every particle of the washings must be added to the cfln- 
tents of the beaker-glass in which the assay is to be made. 
The A«»ay.— The alkalimeter is first to be filled with 
the test-acid exactly to the line or zero of the scale Bi 
described, and the beaker containing the solution to be 
tested then placed immediately beneath the dropping tube 
of the instrument ; a thin glass rod should be placed m the 
beaker as a stirrer. The acid liquor is then allowed to 
flow grndually into the alkaline solution (which should be 
repeatedly stirred with the glass rod), by pressing the 
knobs of the pressure- cock, until the solution assumes a 
purple tint, which it will retain until the exact point of 
saturation has been arrived at, when, as before stated, it 
will suddenlv change to a pink colour. Eefore the latter 
stage is reached the beaker should be placed over a spirit 
lamp or Bunsen burner, and the liquid heated to expel 
the carbonic acid which is evolved, and partly absorbed 
by the solution during the process of saturation. When 
the neutralisation is complete, the alkalimeter ia allowed 
to repose for a few moments, so that the acid liquor may 
drain from the interior of the glass tube into the bulk of 
the fluid, and the quantity of test-acid used is then deter- 
mined by reading off the number of divisions of the alka- 
limeter that have been exhausted, every one of which 
represents Toot'i part, or 1 per cent, of alkali, whenever 
the equivalent weight is taken for assay. Every -^th part 
of an alkalimeter division represents 7^*-^ "^ ^ P^"" c^nt., 
and the result is thus obtained without the necessity of 
any calculation. The following table shows the eqitiraleni 
or combining proportions of soda with 40 grains of real 
(that is, anhydrous) sulphuric acid : — 

10 grains of aalptiuria acid . 
1,000 grains of dilute sulpbar 

id (sp, irr. 1-Q331 . . . f "S <*"SC'0 Boaa j. 

J^insoldilutetnlphuricacid •§ 13 gr«aB carbonate of soda («, 



1,000 graiiiB ol dilute sulphuric B 



hjdro 



(water-Krain iubbbucb) bd. er. I ",,,, . '" „, ,1- , . 

', i.^n ° E 1*S grams Drystailizod carboaato 

' "" > 5 of a^da. 



Assaying alkalies. 

Mr. Amot recommends the following method for alkali 
testing : " The sample, which should be a fair average of 
the drum or cask from which it is drawn, should, in the 
case of caustic soda, be quickly crushed into sm.aU frag- 
ments, and returned to the stoppered bottle in which it 
was collected for testing. It need not be finely ground, 
and, indeed, should not be, as it very readily attracts 
moisture from the air. The contents of the drum are 
usually pretty uniform, and the crushing recommended 
will give the operator a sample quite fit to work upon. 
Samples of aoda-ash and soda crystals will, of course, be 
fairly representative of the casks from which they are 
drawn. One hundred grains of the prepared sample must 
be weighed out upon a watch-glaaa or slip of glazed 
paper, and transferred to a porcelain basin, with at least 
iialf a pint of boiling water. The watch-glass is preferable 
for caustic soda, and the weighing in the case of that 
agent must be done expeditiously, AVhile the sample is 
dissolving the burette will be charged with the standard 
acid. To the soda solution a few drops of solution of 
litmus, sufficient to colour it distinctly, will be added. The 
acid will then be run into the blue soda liquor ; at 
first, within reasonable limits, this may done rapidly, but 
towards the close of the operation the acid must be added 
cautiously, and the solution kept well stirred. In the case 
of caustic, when the blue has distinctly changed to red, 
the operation may be considered completed, and the 
measures may be read ofE the burette ; and this is, without 
calculation, the result required. When the soda in the 
sample is a carbonate, the blue colour of the litmus will be 
changed to pink before aU the soda is neutralised, owing 
to a portion of the liberated carbonic acid remaining in 
the solution ; this must be eliminated by placing the basin 
over a Bunsen burner and boiling the solution. The blue 
colour will thus be restored, and more acid must be added, 
repeating the boiling from time to time, until the red 
colonr becomes permanent. It is sometimes necessary to 
. filter the soda solution before testing ; this applies specially 
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^^^Btlio determinatioii of cUoriue in bleachiDg powders, and is 
^^^B conducted as follows: — 

^^^1 The Test-liquor. — This is prepared by dissolving 100 
^^^B grains of pare arsenious acid in about 4 ounces of pure 
^^^p Sydrochloric acid, and the aoIutioQ is to be diluted with 
^^" water until, on bein» poured into a graduated 10,000 
grains measure- glass, it occupies the volume of 700 grains 
measure marked on the scale. Each 1,000 grains measore 
of this liquid now contains 14'29 grains of arsenious acid, 
corresponding to 10 grains of chlorine, or -^ grain of 
chlorine_for every division or degree of the scale of tlie 
.. chlorimeter, for which purpose a Mohr's burette of the 

^^H above capacity may be used, or a graduated tube of the 
^^M iorm shown in Fig. 65 may be employed. 
^^H Testing the Sample. — 100 grains of the chloride of lime 
^^f to be tested are next dissolved in water, and poured into a 
tube graduated up to 2,000 grains measure. The whole 
must be well shaken in order to obtain a uniformly turbid 
solution, and half of it (1,000 grains measure) transferred 
to a'graduated chlorimeter, which is, therefore, thus filled 
up to 0°, or the zero of the scale, and contains exactly 50 
grains of the chloride of lime under examination, whilst 
each degree or division of the scale contains only J grain. 
1,000 grains measure of the arsenious acid test-liquor are 
now poured into a glass beaker, and a few drops of a solu- 
tion of sulphate of indigo added, in order to impart a faint, 
but distinct, blue colour to it ; the glass is then to be 
shaken so as to give a circular movement to the liquid, and 
whilst it is whirling round the chloride of lime solution 
from the chlorimeter is gradually and cautiously added 
until the blue tinge given to the arsenious acid test-liquor 
is destroyed, care being taken to stir the mixture well with 
a glass rod during the whole process, and to stop as soon 
as the decoloration is complete. We will assume that 
ill order to destroy the blue colour of 1,000 grains measure 
of the arsenious acid test-liquor 90 divisions or degrees of 
the chloride of lime solution have been employed. These 
i)0 divisions, therefore, contained the 10 grains of chlorina 
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required to destroy the colour of the teat solution ; and 
since each division represents \ grain of chloride of lime, 
45 grains of chloride of lime (10 grains of chlorine) were 
present in the 90 divisions bo employed, from which the 
percentage strenffth may be ascertained : — 
For 45 : 10 : : 100 : 22-22. 
The chloride of lime examined, therefore, contained 22 j- 
per cent, (nearly) of chlorine. This methcd is extremely 
simple and trustworthy when properly employed, but to 
ensure accuracy certain precautions must be adopted. In- 
stead of pouring the teat liquor into the solution of the 
sample (as in alkalimetry), the solution of the sample must 
be poured into the test-liquor. If the contrary plan were 
■ adopted the hydrochloric acid of the test-Hquor would 
liberate chlorine gas so fast that much would be lost, and 
the result rendered incorrect. By pouring, on the con- 
trary, the chloride of lime solution into the arsenious acid 
solution the chlorine is disengaged in small portions at a 
time, and meets with an abundance of arsenious acid to 
react on. The mixture of chloride of lime shoidd also ho 
employed turbid. 

Zlatimatioii of Alamiaa in Alum Ca.ke, etc. — Mr. How- 
land Williams, F.C.S., in a paper read before the Chemical 
Society in June, 1888, describes a method of estimating 
the alumina in alums, alum cakes, and sulphate of alumina, 
bv which he obtained more accurate results than are ob- 
tained by the ordinary ammonia method of estimation. 
After pointing out several objections to the method of pre- 
cipitating the alumina by ammonia, he proceeds : — " There 
is another method for the estimation of alumina which is 
not so well known as the above. This is by means of 
sodium till sulphate. Having had a very extensive and 
successful experience of this process, I can recommend it 
with confidence. Considerable practice is, however, neces- 
sary in order to secure good results, as certain conditions 
iuuat be carefully attended to, otherwise the precipitation 
will be incomplete. The estimation is made in a mode- 
rately dilute solution. In the case of alum cake and sul- 
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phate of alumina I dissolve 400 grains in water, filter, 
dilute to 10,000 grains. I use 1,000 grains of this solution 
(equal to 40 grains of the sample) for eetinmting the 
alumina. If any free acid is present it is neutralised by a 
few drops of carbonate of soda solution, and the whole 
diluted to about 8 ounces measure. A large quantity of 
crystallized thiosulphate of soda is then added, and the 
liquid boiled for at least half-an-hour, constantly replacing 
the water lost by evajxiration. By the end of that timo 
all the alumina will be precipitated in a finely-divided 
form, along with more or less free sulphur. The precipi- 
tate is then filtered off and washed well with boiling 
water. The filtration and waehiag take place very rapidly, 
and may generally be accomplished in about twenty 
minutes, thia being a great .saving of time in comparison 
with the long and tedious washing by decantation, which 
is necessary in the case of gelatinous alumina. Before 
filtration, it is advisable to add a drop or two of carbonate 
of soda solution, lest the liquid should have become slightly 
acid during boiling." 
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Preparation of lakBa.— These are prepared by either 
of the following processes:—!. By adding a solution of 
alum, cither alone or partly saturated with carbonate of 
potassa, to a filtered infusion or decoction of tho colotiring 
substance, and after agitation precipitating the mixture 
with a solution of carbonate of potash ("salt of tartar"). 
2. By precipitating a decoction or infusion of the colour- 
ins substance made with a weak alkaline ley, by adding a 
solution of alum. 3. By agitating recently precipitated 
alumina with a solution of the colouring matter, prepared 
as before, until the liquid is nearly discoloured, or the 
alumina acquires a sufficiently dark tint. The first method 
is usually employed for aciduous solutions of colouring 
matter, or for those whose tint is injured by alkalies ; the 
second for those that are brightened, or at least uninjured, 
by alkaUes ; the third, those colouring matters that have a 
great affinity for gelatinous alumina, and readily combine 
with it by mere agitation. By attention to these general 
rules, lakes may be prepared from almost all animal and 
vegetable colouring substances that yield their colour to 
water, many of which will be found to possess great beauty 
and permanence. 
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The precise process adapted to eticli particular substaaoe 
may be easily ascertained by takiog a few drops of its 
infusion or decoction, and observing the effects of alkalies 
and acids on the colour. 

The quantity of alum or of alumina employed should be 
nearly sufficient to decolour the dye-liquor, and the quan- 
tity of carbonate of potassa should be so proportioned to 
the alum as to exactly precipitate the alumimi, without 
leaving free or carbonated alkali in the liquid. ■ The first 
portion of the precipitate has the deepest colour, and the 
shade gradually becomes paler as the operation proceeds. 

A beautiful " tone " of violet, red, and even purple may 
be communicated to the colouring matter of cochineal hf 
the addition of perchloride of tin ; the addition of arsen- 
iate of potassa (neutral arsenical salt) in like manner 
. gives shades which may be sought for in vain with alum 
or alumina. After the lake is precipitated it must be 
carefully collected, washed with cold distilled water, or 
the purest rain-water, until it ceases to give out colour. 

Braxil-wood Lake. — 1. Take of ground BrazQ wood 
1 lb., water 4 gallons ; digest for 34 hours, then boil for 
30 or 40 minutes, and add of alum 1^ lb., dissolved in a 
littlo wg.ter ; mix, decant, strain, and add of solution of 
tin i lb. ; again mis well and filter ; to the clear liquid 
add, cautiously, a solution of salt of tartar or carbonate of 
soda, as long as a deep-coloured precipitate forms, care- 
fully avoiding excess. 2. Add washed and recently preci- 
pitated alumina to a strong and filtered decoction of 
iJrazii wood. Inferior to the last. 

Cochineal Lake — 1, Cochineal (in coarse powder) 1 os.; 
water and rectified spirit, of eaeh, 2J ozs. ; digest for a 
week ; filter and precipitate the tincture with a few drops 
of solution of tin, added every 3 hours, until the whole of 
the colouring matter is thrown down ; lastly, wash the 

S-ecipitate in distilled water and dry it ; very fine. 2. 
igest powdered cochineal in amtnojiia water for a week, 
dilute the solution with a little water, and add the liquid 
to a solution of alum, as long as a precipitate falls, which 
is the lake. Kqual to the last. 3. Coarsely powdered 



cochineal 1 lb., water 2 gallons ; boil 1 hour, decant, strain, 
add a solution of salt of tartar, 1 lb., and precipitate with 
a solution of alum. By adding the alum first, and preci- 
pitating the lake with the alkali, the colour will be shghtlv 
varied, AU the above are sold as carminated or Florence 
lake, to which they are often superior. 

£ac Lake. — Boil fresh stick-Iae in a solution of car- 
bonate of soda, filter the solution, precipitate with a solu- 
tion of alum, and proceed as before. A fine red. 

Madder LaJce. — 1. Take of Dutch grappe or crop mad- 
der 2 oz., tie it in a cloth, beat it well in a pint of water in 
a8tonemortar,andrepeat the process with freshwater (about 
5 pints) until it ceases to yield colour ; next boil the mixed 
liquor in an earthen vessel, pour it iato a large basin, and 
add of alum 1 oz., previously dissolved in boiling water, 1 
pint ; stir well, and while stirring, pour in gradually of a 
strong solution of carbonate of potassa (salt of tartar) IJ 
oz. : let the whole stand until cold, then pour off the- 
supernatant liquor, drain, agitate the residue with boiling 
water, 1 quart (iu separate portions), decant, drain, and 
dry. Product, i oz. The Society of Arts voted their gold 
medal to the author of the above formula. 2. Add a little 
solution of acetate of lead to a decoction of madder, to 
throw down the brown colouring matter, filter, add a solu- 
tion of tin or alum, precipitate with a solution of carbonate 
of soda or of potassa, and otherwise proceed as before. 
3. GJround madder, 2 lbs. ; water, 1 gallon ; macerate with 
agitation for 10 minutes, strain off the water, and press 
the remainder quite dry ; repeat the process a second and 
a third time ; then add to the mixed liquors, alum, J lb., 
dissolved in water, 3 quarts ; and heat in a water-bath for 
3 or 4 hours, adding water as it evaporates : next filter, 
first through flannel, and when sufficiently cold, through 

Eaper ; then add a solution of carbonate of potassa as 
mg as a precipitate falls, which must be washed until the 
water comes off colourless, and lastly, dry. If the alkali 
be added in 3 successive doses, 3 different lakes will be 
obtained, succeaaively diminishing in beauty. 
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Oran^ Lake. — Take of the best Spanish aniiotta 4 oEs. ; 
rl^sh, J lb. ; water, 1 gallon ; boU it for half an hour, 
[gtrain, precipitate with ^iim, 1 lb., dissolved in water, 1 
'jgallon^ observing not to add the Litter solution when it 
eeases to produce an effervescence or a precipitate. The 
addition of some solution of tin turns this lake a lemon 
yellow ; acids redden it. 

Tellow Lake.— 1. Boil French berries, quercitron bark, 
or turmeric, 1 lb., and salt of tartar, 1 oz., in water, 1 
gallon, until reduced to one half ; then strain the decoc- 
.tion and precipitate with a solution of. alum. 2. BoQ 1 lb. 
of the dye-stuff with alum, j lb. ; water, 1 gallon, as be- 
fore, and precipitate th& decoction with a solution of car- 
bonate of potash. 

Axtifiouvl mtramarine. — This is obtained by several 
processes, of which the following are examples : — 1. Take 
Laolin, 37 parts ; sulphate of soda, 15 ; carbonate of soda, 
22; sulphur, 18; and charcoal, 8 parts; mix these inti- 
mately, and heat in large covered crucibles for twenty- 
four to thirty hours. The resulting product is then to 
be again heated in cast-iron boxes at a moderate tempera- 
ture, until the required tint is obtained ; it is finally pul- 
Terised, washed in a large quantity of water, and the 
floating particles allowed to subside in a separate vessel ; 
the deposited colour is now collected and dried. 2. Expose 
to a low red heat, in a covered crucible as long as fumes 
are given off, a mixture composed of : kaolin, 2 parts ; 
anhydrous carbonate of soda and sulphur, of each 3 parts. 
Some persons use one-thii'd less carbonate of soda. 

Twaddell'B Zydrometer, which is much employed for 
ascertaining the strength of soda and chloride of lime solu- 
tions, etc., IS so graduated and weighted that the or zero 
mark is equal to 1,000, or the specific gravity of distilled 
water at the temperature of 60° F., and each degree on 
the scale is equal to '005 ; so that by multiplying this 
number by the number of degrees marked on the scale, 
and adding 1", the real specific gravity is obtained. Thua 
10° Twaddell indicates a specific gravity of 1050, or TOS, 
and so on. 



TESTING ULTRAMARINES. 139 

Zmitiitioii Manilla Pulp tcnm. Wood.— Mr. George E. 
ilaraliall, of Turner's Falls, Mass., patented a process some 
years back by wbich wood, under tho action of hot water, 
and under a heavy pressure, acquires the characteristic 
colour of manilla. The wood, having been cut as usual, 
is placed in a closed vessel or tank capable of resisting 
high pressure, if necessary, of 450 lbs. to the square inch, 
the material being closely packed. At the bottom of this 
tank is an opening with a valve, through which the water, 
previously heated to a point above boiling, and below 280°, 
is forced by a hydraulic press to such an extent as to 
saturate and to completely permeate the wood, and to 
soften and drive out of the pores the gum, resins, and 
acids ; and if the temperature is kept sufficiently hot, it 
gives the pulp the desired colour belonging to a finely- 
made manilla paper. This may be aided somewhat by the 
introduction ot a small quantity of some alkaline substance 
to act on the acids. The water may be heated in a coQ 
outside, and forced into the tank by a hydraulic press. 
The water thus heated and forced in leaves the wood or 
the pulp in the moat desirable condition for work and for 
colour. Pulp made from wood treated below the boiling 
point will be white ; but this process is said to secure the 
desired manilla colour by raising the temperature to 240° 
or 25{P for a light pulp, and as high as 280° for a dark 
pulp. No pressure is required from, the steam above three 
atmospheres, but tho press may give from 450 to 500 lbs. 
to the square inch, and practice has shown that the 
greater the pressure the more speedy is the operation on 
the wood,* 

Testing nitramarines. — The sample of ultramarine 
should be examined as to its power of resisting the action 
of alum solutions, which may readily be done by the 
method suggested by Mr. Dunbar : — " Dissolve the same 
amount of each sample in water, and mix in this water 
about \ lb. of pulp. When thoroughly mixed, and each 
lot of pulp is well and evenly coloured, add one glassful 

• New Turk Pajier Trade Journal, IB'S. 
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III. — ^Tablb showing thb Spbcific Gra-vitt corrbspondino with tub 

Dborbes op Baumb's Hydrometer. 

Liquids denser than Water. 



De- 


Bpecifio 


De- 


Specific 


De- 


Spedflo 


grees. 


Gravity. 


grees. 


Gravity. 


grees. 


Gravity. 





1-0000 


26 


1-2063 


52 


1-5200 


; 1 


1-0066 


27 


1-2160 


53 


1-5353 


! 2 


10133 


28 


1-2258 


54 


1-5510 


3 


10201 


29 


1-2358 


55 


1-5671 


4 


10270 


30 


1-2459 


56 


1-5833 


6 


1-0340 


31 


1-2562 


67 


1-6000 


6 


1-0411 


32 


1-2667 


sa 


1-6170 


7 


10483 


33 


1-2773 


59 


1-6344 


8 


10556 


34 


1-2881 


60 


1-6522 


9 


10630 


35 


1-2992 


61 


1-6705 


10 


10704 


36 


1-3103 


62 


1-6889 


11 


10780 


37 


1-3217 


63 


1-7079 


12 


1-0857 


38 


1-3333 


64 


1-7273 


13 


1-0935 


39 


1-3451 


65 


1-7471 


14 


1-1014 


40 


1-3571 


66 


1-7674 


15 


1-1095 


41 


1-3694 


67 


1-7882 


16 


1-1176 


42 


1-3818 


68 


1-8095 


17 


1-1259 


43 


1-3945 


69 


1-8313 


18 


11343 


44 


1-4074 


70 


1-8537 


19 


1-1428 


45 


1-4206 


71 


1-8765 


20 


11515 


46 


1-4339 


72 


1-9000 


21 


1-1603 


47 


1-4476 


73 


1-9241 


22 


1-1692 


48 


1-4615 


74 


1-9487 


23 


1-1783 


49 


• 1-4758 


75 


1-9740 


24 


1-1875 


50 


1-4902 


76 


2-0000 


25 


1-1968 


51 


1-4951 
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IV. — Table of Boilinq Points op Alkaline Leys. 



Alkaline 
Ley. 


Spedfio 
Gravity. 


Percentage of 
Alkali. 


Boils at 

degrees 

Fahi-enheit. 


Soda .... 


1-18 


13 


217*> 


Potash..,, 


1-23 


19-5 


220 


Soda .... 


1-23 


16 


220 


Potash.. .. 


1-28 


23-4 


224 


Soda .... 


1-29 


19 


224 


Soda .... 


1-32 


23 


228 


Potash.. .. 


1-33 


26-3 


229 


Soda .... 


1 36 


26 


235 


Soda .... 


1-40 


29 


242 


Potash.. .. 


1-42 


34-4 


246 


Soda .... 


1-47 


34 


255 


Potash.... 


1-44 


36-8 


255 


Soda .... 


1-5 


368 


265 


Potash.. .. 


1-62 


42-9 


276 


Potash .... 


1-6 


46-7 


290 


Soda .... 


1-63 


46-6 


300 


Potash.... 


1-68 


51-2 

• 


329 



V. — Table showing the Quantity op Caustic Soda in Leys op 

DIFFERENT DENSITIES (WaTBR 1,000). 



Bpeciflo 


Soda 


Specific 


Soda 


gpravity. 


per cent. 


gravity. 


I>er cent. 


1-00 


0-00 


1-22 


20-66 


102 


2-07 


1-24 


22-58 


1-04 


4-02 


1-26 


24-47 


1-06 


6-89 


1-28 


26-33 


108 


7-69 


1-30 


28-16 


1-10 


9-43 


1-32 


29-96 


1-12 


11-10 


1-34 


31-67 


1-14 


12-81 


1-35 


32-40 


1-16 


14-73 


1-36 


33-08 


1-18 


16-73 


1-38 


34-41 


1-20 


18-71 
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VI. — Tablb BHOwnro the QuANTfrr op Bleaching Liquid Af 6** Twad- 

DELL (SpECIPIC QrAYITY 1*030) BEQUIKED TO BE ADDED TO WbAKBK 
LiQUOK TO RAISE IT TO THE GITEN StKBNGTHB. 







FroportionB Beqnired. 


Strength of 
Sample in ^'. 


Required 
Strength. 


• 






• 




Given Sample. 


liqnor at 6". 


• 




parte. 


. part. 


Water 


A' 


8 




1 


»> 


H 




2 


)) 


11 




3 


>> 


13J 




4 


)) 


17 




6 


» 


23 




6. 


)) 


35 




7 


)> 


71 




Water 


A' 


11 




1 


)> 


13i 




2 


>> 


17 




3 


>» 


23 




4 


}) 


35 




5 


>> 


71 




Water 


A" 


17 




1 


>> 


23 




2 


>> 


35 




3 


>» 


71 




Water 


3 O 


23 




1 


>> 


35 




2 


}) 


71 





YII. — Comfaratitb F&ench and English Thebmombtee Scales. 



French or Centigrade. 

Cent, or C. 

5 

10 
15 
20 
25 
SO 
35 
40 
45 
50 
55 



eqnals 



English or Fahrenheit. 

32 Fahr. of F. 

41 

50 

69 

68 

77 

86 

95 
104 
113 
122 
131 
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CoMFARi-TrvB Fbencs «kd Enolish Thbbuourtek Scales — continued. 



I 



("Water boils) 
(Mercury boila) 



I 

(Mercury boils) 



Till.— Wbiqiit 



AND MejLHCBES of TUB HETS.ICAI. SvBT£H. 

a the British Fharmacopceia. } 



1 UiHigramme =^ the thousandth port of one gramme, or 
1 Centigrauuae := tbe hundredth „ „ 

1 Decigramme ^ the tenth „ „ 

1 Grammes: weight ofacubiccBRtimetre of water at I'C. 
1 Decagrainiiie :^ ten grammes . . . . 1 
1 Hectogramme =: one hundred grammes . . 1( 

1 Kilogromnie := one thousand grammes . . . 1,0( 



1 Millilitre ^ 1 cubic centim&tre, orthe measure of 1 gramme of water. 

lCentUitre= 10 „ „ 10 

1 D6oilitre= 100 „ ,, 100 ,. 

1 Litre = 1,000 „ ,, 1,000 ,, 



1 Millimetre ^= tbe thousandth part of one m^e, or 0001 mf^tro. ^H 
1 Centimfitre = the hundredth „ „ O-OI „ ^H 

1 D£cim6tre — the tenth „ „ O-l ,, ■ 

1 Metre ^ tbe ten-millionth part of a quarter of tbe meridian of the 



IS. — TiBLK OY FRBNCH "WbIOHTB IrlD MEAECEEa. 

'0 grammes, equals 2 lbs. i\ ozs. nearly. 



nit) tquals 16-43i graii 



1 Litre (the uiiit) equals 31 fluid cia. nearlf. 



^^ ^46 
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M^tre (the nnit) o< 

DGciirotre (lOth of n roSlre) 
Cenlim^tre (lOOth of a metre] 
Haiimetrs (l,ODUtli of a m&tre) 



LlBT OP WOKKS ttKLATItra TO PAPBE MaNCFACTUH*. 



" Praclical KemaTka on Uodem Paper." J. Mumj. Edinburgli, 
18-29. 

" Manuel da Fabrioant de« Papiera." L. S. Lb Notmand. Paris, 1834. 

" L'lEdoBtriB de la Papetrie." G. Plandie. Paris, 1BS3. 

" Die Fkbrikation i.fs Papiera," L. Miiller. Berlin, 1865. 

" Manufactora of Paper and Boards." A. Froteaaii. Fbiladelptii, 

G6. 

" Manufacture of Paper." C, Hofmann. Philadelphia, 1873. 

" PflaDnenfisir." Hugo MiiUtr. Leiprin, 1873. 

" Bamboo CouBiderod aa a Fapcr-makin^ Material." London, ISTfi. 

" KtudeB BUT IcH Fibres Vee6talea." VftiUart. PftriB, 187G. 

"TeehnologyoEtliePBperTrade" {Cantor LBOturea). Amot, Journal 
Society of Arts, 1877. 

■'The Prncticttl Puper-maier." J. Dunbar. London, 1881. 

" Forestry and Poreat Prodncts." Edinburgb, 1881. 

■■ A Trea6se on Paper." R. Parkinson, Preston, 1886. 

" Blannfaclnro of Paper." C. T. Davis. Philaddpliia, 18S7. 

'■ Manufacture of Paper." Tomlinaon. 

■■ Test Book of Paper-making." C. F, Crosa and E. J. Bovan. 

Articlea on paper-making will also be found in the following Bocyclo- 
pEudias, jonmals, elc : — 

" Enojdopiedia Britannica." vol. ivii. ; " Encyclopiedia Metropoli- 
tans," 1845; "TDmlinaon's Cyclcpiedia ; " "New American Cyclope- 
dia;" "British Manufacturing Industries;" "English Cyclopffidia;" 
" EncyclopiBiiia Americana;" "Penny Cyclopaidiu ; " Paper Makeri' 
MonthU/ Journal ; f/iper Maliera' Circular; I'aper Trade Ji/urtial ; Amtfi- 
toH Paper Trade Journal. 



INDEX. 



A CETIC acid, 64, 98 
-^ Acid, arsenious, process, 231 

or bisulphite processes, ob- 
jections to, 74 

boracic, 46 

carbonic, 97 

fluo-silicic, 175 

hydrochloric, 55, 232 

hypochlorous^ 98 

nitric, 66 

nitrous, 66 

nitro-hydrochloric, 64 

oxalic, 98 

processes, McDougall's 
boiler for, 72 

sulphuric, 47, 99 
anhydrous, 225 

sulphurous, 55, 175 

test, 224 

test, preparation of, 225 

treatment of wood, 64 
Acids, action of, on cellulose, 2 
Acicular fibres, 3 
Action of acids on cellulose, 2 
Adamsonia, 85 
Adamson's process, 77 
African es^parto, 47 
Agalite, 115 
Agar-agar, 178 
Agave Americana, 8 
Alexandria rags, 21 
Algerian esparto, 47 
Alkali, caustic, 48 
testing, 224 
Alkaliraeter, Mohr's, 223 
Alkalimeters, 222 
Alkalimetry, 221 

Alkaline leys, boiling points of, 243 
Alkalis, sampling, 227 
Alum, 116 



Alum, bleach liquor, 100 

cake, estimation of alumina hi, 
233 

concentrated, 110 

crystallised, 119 

liquor, 240 

pearl, 119 

porous, 167 
Alumina, estimation of, in alum, Ac, 
233 

sulphate of, 100 
Aluminium, chloride of, 100 

hypochlorite of, 100 
Aluminods cake, 119 
American combinations for colouring, 
167 

method of sizing, 123 

ochre, 167 

refining engines, Mr. Wyatt on, 
103 

system of soda recovery 218 

wood pulp, 60 • 
Ammonia, z33 
Ammoniacal water, 6 
Andreoli's electrolytic bleaching pro- 
cess, 96 
Anhydrous soda, 225 

sulphuric acid, 225 
Aniline blues, 166 

reds, 166 

sulphate of, 8 

triethyl rose, 98 
Animal size, preparation of, 120, 122 

sized papers, 123 

or tub-sizing, 122 
Annotta, Spanish, 238 
Antichlor, 109 
Antique paper, 157 
Apparatus, disinte^ating, 72 

evaporating, 205 



i 



Jt, on beatine-engine!, lOiJ 
finishing, iuO 
mclbod ot alkali testing. 229 
.1 Sowers, coloiuing ptput for, 



BACK-WATER pump, Bertrams', 195 
BagRing, old, 10 
BalBam, Cannda, 170 
B^lic rags, 21 
II«mbDO cane. 10, 18 
Dainbnsa vnlgaria, 18 
lianana fibre, 10 
tiiLnk-notea, watfir-marldng, 117 



Bane and Blon< 

Bast bagging, 1 

UitDnif's hydroi 

^^ Beakera, 2i2, 2£ 

^■^•BeatBT, 37 

^^^H . Jordan, li 

^^H Besting, 101 
^^B Dunbar's 

^^^m engine, 1( 

^^1 Ben 

^P For] 



Usoni £"8 hydrometer, 242 
Be»keri, 222, "" ■ 
•BeatBT, 37 

Jordan, 1( 

Kingslaad, 104 

<e, 101 

Dunbar's obaerviitloDS Dt 

engine, 103 

Bertrams*, 105 
Forbes', 105 
Pmpherslon'a, 105 



amping tolls, 189 
185 
;i:ing regnkCor,lS3 



Berlin blue, 163 




esparto-cleaner, 40 
large paper taachlne. 13il 
rag boiler, 29 " 

cuttiog-m 
engine, 3T 
revnlvliur Btroinei and k 

137 
iBTolving knife-cutler, l62 
reeling msciiine, 197 
single-sheet cutter, 162 
iTel>-glsiji]g calender, 106 
willowlng and duatlog uuuiiiiie, 
26 
Beetroot retnae, 10 
Beyroul rags, 21 

aate of poTa^wa, 165 ^^^H 



Mitscherlich'B, 71 
obieotions to, 74 
Black uh, 21H 
calicoes, 20 



Blacks, 20 
Bleach, B3 

liquor, slum. 



pump. Donkia s, 193 
Bleaching, 83 
agent, BO 
with cblorida of llmt, 

chlorine gaa, Glaser'a «^ ' 
cess, 93 
C. Walt, jua.'s, electrolytic pr«- 

electrolylic, Andreoli'a proceat, 
. B6 

t'a process, OS 






D,50 



I 



Btfachlog liquors, 3 

Lunge'B procBBa of, S3 
new mathod of, 100 



eBtimatloa of chloriae in 

230 
Freseaius' method. 231 
Oay-Lusaoc's mfltliod, 2'dl 
Bleaching, aour, SI 

ThompsoD'a process, ST 
Young's meUod, lUO 
Blending, 113 
Kllu'e process, T2 
motting-papBiB, a., ISl 
Blue, 1I)S 

azure, 170 
Berlin, 16S 



indigo, II 



lini 



il, 171 



pile, 170 

Sper, IB 
lis, IBS 
f rD98<aD, 165 
rags, 19 
aatia, 165 
Btnes,20 

anilioe, lilB 
Boiler, Bentli 



'n,(» 



Bailing, A me 

BHpiUlD, 4A 

rags, 39 

■Iraw, 81 

waste paper, 80 
Boracic mid, 41! 
Borax, 169 
Boxes, suction, US 
Brazil wood, 166 

lake, 236 
Breaking half-sluS, S9 

points of paper, method of di 
mining. 210 
Br»](ing and washing, 34 
hreagl-roll, 149 



.170 



paper. 



"1ALCINED soda, B3 
- Caleiner,206 
::alciuin, acetate of. ilS 



Calender, glazing, 154 
Calendering, 154 

super, Mr. Wjatt ol 
Calicoes, black, SO 
Canada haham, 179 



Carbonate o( lime, 119 



soda, 31 
Carbonell'ti espRrto pcDceaa, 46 
Carbonic acid, 97 
Carbonisation, 75 
Cardboard, 182 

with two fai^es by ordinary m 
chinerv, 182 

work, 17& 
Canninalcd lake, 237 
Camgeen moit, l7il 
Carrying tubes, US' 
Castile soap, 121 
Caustic alkali, 48 

polish, 3, 7 

ley, 31 

table snowing quaalitles 



CauticislDg soda. 32, 20S 

tanks, SIS 
Cellulose, 1 

action of acids on. 3 



^^^ «5" 



I 



Chemlcil wood pulp, 51 
Chillnl-iraa gtazing-mlls, 156 
China clay, 114 

Chloride of ilumiiilani, 100 
caldiinl, 101,330 
lime, 4T, 230 

1i1«achiaK«lth,fl2 
tatlug samples uf , 232 
magnBilimi, 96 
potimiuiti. 65 
Mdium, 65, 109 

ChlorimfllBT, 232 
Chlorimiti?, 231 
Clilarlne, 2, 60, S32 

gas, blenching with, 93 
in bleachinic powder, estimatinn 
of, 230 
y test for, 110 

I Chrome, lemon, 170 
I oranire, ISS 

yellow, IGS 
Cinnabar, 171 
Cltrale of tin, 169 
Clarifier, Roeokner'a, 199 
Clay, China, 114 
Oogging, 116 
"Closa" paper, 112 
Cobalt, oxide of, 16G 
Cochineal. 121, 160 

lake, S:ie 
Colcothar, 170 
; Coloured cotton, 20 

paperti, 165 
' Colouring, 121 

ican combination!! for, 167 
-ialB. mixing, wilh pulp, 16S 
rs used in paper making, 



paper for artificial flow 



CompaTatiTBCostot animal and engine 
sizing, eelimatB of, !28 
French and Engllali thermometer 

Compoeltion for waterproof paper, 

177 
Conoeptrated alum, 110 
Conical p nip-saver, 144 
Cooling and damping roUa, Bentley 

and JackHin'K, 189 
Copal, white, 17» 
Copper, green, 170 



Copper, hrdrated 
anlphate, ' " 
Copperas, 165 
Copying-paper, 
Coieliorus capsularie, 
Cork, ISO 

Coat of 



ed o^de of, Ul^^^^l 
,120 ^^^ 




CottoDa, 

unbleached, 2 
Coucher, 130 , 
Conch-tolls, 149 

Coupler and Mellier's process, SO 
Crop madder, 237 
Crystallised alum, 1' 
Cupro-animonium, : , 

Wrieht'a procesa o( pTepu!ifg,lTB 
Cufting, 22, 161 

machine, S3 

Veray's, 187 
CutUi, Eingle-staeet, 162 
Cuttera. 22 
Cylinder, drying, 135 

machine, aingle, 152 

washing. 103 
Cylinders, drying, 161 



D ALTON'S table showing 
of dn- snda in leia o: 
densities; 241 
Datn ping-roll". Bcrtratns', li 
Dnndy-roll, 144 
Beekle, 130 

frame, 143 
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lievil, Dnnkin'a, 27 
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Diina'g pmcsBS fnr makinp pappr or 


Engines, heal in r, Mr. Arrot r.n, 103 






rvfininir. American, Mr. Wialt 




mschinery, 182 


on, 103 


1 


DiB«ter, es' 


English green, 172 




DiMnfecting machine, 13 


piiik, 172 






Enrelnpe, huff, 107 




D<wlnf,the.J50 


orange-red gcilii, 1G7 




Donkin'i bleach -mixer, 82 


jeliowgol.i,lli7 




pump, 193 


Eoaine, 166 




gUzIng machine, 157 


Kcjuivalents, chemical, 2f4 




pt*«. 157 


Esparto, African, 47 




plale-pianiPB machine, 1I>1 


Algerian, 47 




rag boiler, 30 


bleaching, 50 




dnaliiig macblne, Efl 


boiler, Sinclair's, 42, 43 




wantiins cyilndei for rae-eneine. 


boiling, 41 




193 


cleaner, Bertmms', 40 




Double cn>wn, 164 


Dnnbar'a treatment of, 48 




demy, 164 


fibre, 4 




■ royal. 164 


Gabea,47 




Donble^Hzed paper, 12U 


Rrasa, 10, 16 




Drab, 187 


Mallarv's process tor, 46 




DrainEra, SB 


Oran, 47 




Draining, 39 


picking, 40 




Dr. Milacherliph'fl proceas, 71 






DnuQ-vBBher, 34 


Carbon ell's process for, 46 




BentlayandJaciiMnHlBE 


Stax, 47 




Drr-telt repilator, »elf-aciing, 186 


Spanish, 47 


1 


Uning cvlinder, 1S£ 


Sun., 47 


1 


cylinders, 161 


Tripoli, 47 




Dnnbar'a method of treating esparto. 


wsHhiag boiled. 49 




48 


willowing, 41 






Young's procew for boiling, 50 




Doater, 36 


Eatimalinn nt aiumina In alum cake, 




DiiEliag, £6 


ii:c., 233 




Dutch grappe madder, 237 


of chlorine in bleaching powder, 




DjtiiB' wood waaie, 10 


230 
of commercial -odas, 221 




"P-DGE-RUKKEH, Berlrams', P2 
^ Ekman'e pfoceee, 70 










EUatic fibres, 3 


Porion'a, 208 




packing, 72 


Koeckner'i'. 206 




Electrolytic bleaching process, An- 


Yarj-an'a, 208 




drenirs, 96 


Evaporators, Amerjcaa, 01.206 




Hermlte's, Ofi 






C. Walt's, 94 


221 










Engine, beating, 103 


"TEEBLY-EIBBED, or smooth librea. 




Bertrams', 105 


I 


Forties', 105 


Pelt. 72, 101 ■ 


J 




Feitinc, 131 


A 


Manbaira perfecliUR, 301 


Fern leavea, 10 


% 


riEC, French method of prepar- 


FerrocTflnide of pnlnscium, 165 


m 


iug, 120 


Fibre, banana, 10 / 


1 


lizing, 116 


cotton, 3 / 


J 



^^^^^p 




p^^^^^^^^^" 


Pilire, fputo, 4 


nADES esparto, 47 

W Gaine-aproeeas for making parch- 


llw.7 


hemp, 8 


ment paper, 182 


kte,*,B 


GambofiB, 169 1 
Gas, clJoriae, bleaching with, 03 


Ili.«o, 4 


Hiailla, 1 


receiver, 65 


julpliltB, and resin, 76 


Gay-Lussic's method of limiting 




bleaching-powder, 231 


Fibre*, •clcnl.r, 3 


German rags, 21 


bu]L,e 


Glaaer's proceaa for bleaolilng wilh 


fllwtic, 3 


ohlorine gaa, 93 


rouad-rlbbed. 5 


Claubsr-a salt, 103 


smooth, or f«bly-rihbed, 5 


Cliziug calender, 154 


^H^ spimi. S 


press, Donkin's, 1.57 , 


^^h 


roUs, cliiUed-iron. 156 


^^H vuIdiu, trentmeot of, SO 


web, 154 


^^H vogeubie, Qiicrngrapliic exami- 


Glucose, 2 


^■^ D.Uon ol, 5 


Glue pifcefl, 123 


vegetabiB, recognlticin of, by tha 


stock, 124 


Glycerin. 120 


Fibrans^J^ll*' 


Graham's process, 73 


Finiahed paper, packing the, 163 


Grass, China, 10 


KiuisblngriSz 


espacu, 10, 16 J 


ArDot on. ISO 


sea, 11 i 


hooM, 163 


Green, capper, ITO 1 


and sizing, 132 


FiiBt preBa-roll, 150 




Fluk, 227 


Sohweinfnrth, 171 1 


Flax, (lellulow of, i 


Grey linens, 20 1 


fibre, or linen, 7 


Ground madder, 237 


New Zealand, 8, 10 


wood pulp, 85 


to«,ll 


GuilloUne rag-cutter, 24 

Gum arahic, ItiS , 


waste, 10 


P1ockB,73 


aandarac, 179 


Floreuce lake, 237 


tragacinth, 168 


Foolscap, 164 


Gunny, 20 


Forbes' bealing-engine. 105 


baga,10 


Foreign rags, 20 


Guita-poreha, 147 


Fourdrinisr machine, 133 




Francke'a bisulphite process, 68 




Frankfort black, 169 


TTALFintfl and linen, 20 
■O. ituff, 39, 101 


French and Enelish thermometer 


scales, comparative, 244 


breaking, 39 


measure of volume, 245 


Hemp fibre, 8 | 


rags, 20 


Manilla, 4, 10 


veights and meaanres, talile of, 


siial, B 


^5 . 


tarred. EO 




wasle, 10 , 


ing ponder, 231 
Fri^aon-glailng, 157 ' 


white, 20 1 






cea,,96 


Fum«», incinerating, 208 


High-pressnre boiler, C3 . ' 
H ollander, or rag-engine, 34 . IS ' 


Fustians, 20. 


Fustic, 1U8 


Home rags. 20 




Hop-L,ine«, 10 


J_ 


^ .^Hl 




Hvdrate of soils, 2:5 
Hydrated oxide nf copper, 175 
Hvdto-oelluloae, 1 
Hydrochloric acid, S5. 232 
Hydro-citr«ctor, 0* 
Hydrometer, Baam6\ 243 

Twaddell'!!, 238 
Hrpocblorils of aluminium, II 

calcium, 3 

lime, H2, 98, 230 



"IODIDE of potaaeium, 111 

^ Imitation Manilla pulp from nood, 

mporial, 1B4 
ncinerflling furnace, 908 
ndiarubber, rulcoat-ed, 223 
[ndigo, 98, 186 

■niphate of, 232 

lithographic, 180 

jduclion oC wood pulp, 17 

. moss, 178 

, osido of. Si 



sDlphati 



of, no 



JAPANESE paper, uew, 180 
Jordan's beating engine, 103, 104 
Jouelefs process for waterproof pa[ier, 



Lake, lac, 237 

madder, S37 

orange, 238 

Marlet, 171 
Lakes, preparation of. ! 
Lamp-black. 166, lii9 
Leaching, 213 

Lead, nitrate of, 167 

white, 171 
Leather itaste, 11 
Leghorn rage, 21 
Lemon chrome, 170 
Leys, alkaline, boiling point of, 243 
o( ditterent densities, table shi 
ing quantities of caustic si 
in, 243 
Lime, bisulphite of, 71 
carbonate oF, 1]9 
cliloride of, 23, 47, 110 
bleaching with, 9i 



hypochlorite of, 93,91 
milk of, 33, 72, 110 
: of. 100 



Slate of, 
ns, 122 



I 

3 

i 



E,20 






ileaching, preparation of, 93 
bleaching, 3 
opont, recoverv of aoda from, 218 
Lithographic ink, iSO 

paper, 180 
Litmus paper, 183 

Lixiviation, 75 _■ 

Loading, 114 H 



TACHINE, Bentley and Jackson's 
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MMUoe, B«tf™.- -elMsUiing. iw 


Melhbd of riiioK. America 


,123 




Metric^ nuein, wogbii! an 




or.245 1 


r>K-d»>tiDt, 3a 


fibres 5 




FonrdriiiiH, laa 




vegefbl. 


'"8-"°iiiit.23 


8b«-ty.e^ 


__J 


r.>U-h>r plmning. I9t 


Hidfealher. Sh 




MDzltcyliiidFT. 162 


■ilk of lime. 33. 72.110 


_^H 




Millboard. 175. 182 


^^1 


«iing. 120 


Mincing th« fibra. 102 


^^1 


Vemj'i pi.per-cntting, 1P7 


HinenI blue, ITl 


^H 


wire uidlMKCOHorio, 143 


orange, 166 




Vuikee, 1S2 






MtebiBtTT, making pBp«r by. 133 


Mixed fines, 20 
prints, 30 




N«dhinfs, iret, 5T 


Mixing colouring maleriala 


with pnip, 


M*l.]«, Dmeh. 237 


168 




groun.1.237 


Mol.r'a alkalimoter, 223 




like, 237 


Moias«8,180 




M^[nori«.c«rtKiiisteof,48 


M"nil'a pcocesa for toughen 


ng piper. 


■ulphitte of, 4H 


178 






Morocco papais, at^na tor. 


'1 ^_J 


M^gdesilB, 48. 70 


Mucilage, SM 






Muslard oil, 46 




chloriile of. 96 


atema, 10 




U Maiu hi»hi uid stems, 10 






^^ Making Ihe paper. 130 


■\r ASCENT chlorine, 36 
-Ll Netting, old, U 




^^^H paper or cardbuBrd with two 




^^m face* b; ocdinar; nucbliiery, 


New Japanese paper, ISO 
method of bleaehine, 




^K 


00 


^^V paper brtaad, 129 


»ewraga,20 






New Zealand flas, 8, 10 




! MalUry-i prooes* (or e.pr.rtn, 46 


Nitric add, m 




Nitro-hydrochloric acid, 84 




Manilla fibre, 4 


Nitroua acid, 66 




hemp, 4, 10 


Notes and tables, 235 




jiite, 4r., 84 


Nutgalla, 166 




pap.f , 85 


Nuttall'a rag-cutter, 24 




Manilla, imitation, from wood pulp. 






239 


AAK-BiRK, 166 
V tJakum, 11 




Manning winder, 159 






Objeelions to the acid or 


blaulphiW 


^H Hateriala, raw, 10 


process, 74 




^^^B nsed in paper-making. 9 


O^hte, American, 187 




^H Harking, water, 146 


yellow, 165, 166 
Oil. boiled, 179 




^V Manhall's perfeciing engln*. SOI 




^^B , UcDougall'a boiler tor acid prucessca, 


cotton -seed, nap, 131 




72 


mustard. 46 




Miu-haniyBl T,mr-»R» 7n 




aLvi;nauiuii pnicenr^Tb, ^d 
wood pnlp, 113 

Voeiter'8 process of pre- 


^^^M 


leAa. 178 




paring, 7f 


of turpentine, 179 




M»Ea». or cane traah, 10 


of vitriol. 100 




Mauler's procesa, 81 


Oiled paper, 180 


■ 


i 1 


^ 


■ 
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Old bag^ng, 10 

bast bageingy 10 

canvas, 10 

netting, 11 

rope, 10 

s^le, 157 
Operation of beating, 107 
Oran esparto, 47 
Orange chrome, 108 

lake, 238 

mineral, 166 

red gold envdope, 167 

yellow, 171 
Organic acid, 99 
Ontshot cottons, 20 
Outshots (whites), 20 
Overhaolfers, 22 
Oxalic acid, 98 
Oxide of cobalt, 165 

iron, 34 

zinc, 99 

PACKING the finished paper, 163 
Pale bine, 170 
Panels, millboard, 175 
Pasteboard, 179 
Paper, animal sized, 123 
antique, 157 
blotting, 21, 181 
blue, 19 
brei^ng points of, method of 

determining, 240 
"broke," 85 
or cardboard with two faces made 

by ordinary machinery, 182 
colouring, for artificial flow»8,168 
copying, 1^ 
cork, 180 

cutting machine, Vemy's, 187 
double sized, 126 
hand-made, 129 
new Japanese, 180 
machine, Bertrams' large, 134 
Fourdrinier's, 133 
Yankee, 152 
making by hand, 129 
by machinery, 133 
machinery used in, 184 
materials used in, 9 
manilla, 85 

imitation manilla, from wood,239 
Morfit's process for toughening, 

178 
mulberry, 18 
bark, 10 



150_ 

ISI 
0C.I1M 

«<.:210 



1$ 



&Y 



240 



toiMiL165 
txM^faewA^lTS 
tracing, ItfV 
transftticnt. 179 
1S3 
179 

115 
S5 

boiling, 86 

Rwi 3 pojcess for Ireaitngt 
*87 

130 
waterproof, 174 

Jooglet's process^ 177 
for windows, 1^1 
coloured, 165 
miscellaneoQS, 174 
Motocco, Stains for, 171 
printing, 164 
satin, stains for, 172 
test, 183 
wrapping, 178 
writing, 164 
Parchment hqnor, 171 
paper, 181 
shavings, 171 
Paris bine, Ib^ 
Parker and Blackman*8 disinfecting 

machine, 12 
Parting, 131 
Partington's process, 71 
Pearl alum, 119 
Pearlash, 238 
Pearl hardening, 114 
Peat, 10 
Pectin, 6 
Pectose, 6 

Perchloride of tin, 236 
Perfecting engine, Marshairs, 1201 
Pemitrate of iron, 16> 
Peroxide of manganese, 94 
Petroleum, 178 
Phormiiim- tenax, 8 
Physical characteristics of celluloMi 
Picking esparto, 40 
Pictet and fir^laz's process, 04 
Pieces, cotton, 20 



w 
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riMM. llBCD, 20 


Process. Graham s, 73 


I'iDk, iiw 


Uermite'B eleclrolytic bleaching, 


Etiglljh. 173 


06 


PUte-gUtlng. 1S7 


K^l'tZ''"'^ 


calender, r*vera<na, 191 


pUniu machine, IW 
Poplar, 10. 00 


Lunge's bleaching, 9S 
Mallar/a esparto, 46 




^^H Porous alum, 167 


MeUie^^ 81 


^K PoUd>, 74 


Morflt'e, 178 


^^^H etubamta of, 235 


Parting ion's, 71 


^H oauoUc, 7 


Piclet and Brelaz'a, 64 


^H relluw pruuUte or. 165 


Poumarida and Figuier'a, 131 




retting, ISB 


rotuaium, chlorida o[, 95 


Bitter anil Kellaer'a, 71 


iodide as. 111 


Ryan's, 87 




Scoffam and Tidcomlw*, 174 


rotcher, 37 


Sinclair's, 58 


^m Pcmclier, 39 


Thompson's, S7 


^^k FoDBiirede and Fignier'e proccu tor 


Thune's, 7B 




VooUer's, 78 


^^M rrelimltury operati^'a^ 10 


Watt and Burgess's, 65 


^^1 treatmenl oT exparto, iO 


Wright's. 175 




Yonng-B, 50 


^H bleiching liquor, 112 


Young and Peltigrew's, 66 


^H ldo.,235 




^P t«t acid, 226 


tions to, 74 


^m Pre», glazing, Donkia's, 157 


McDongall's boUer for, 72 
chemical, 56 


Pr«a^-rolli. 150 


Fnau-piUe, Gl 




Printing-paper, 103 


sulphide, 77 j 


paper*, 181 


sulphite, eg ' 


PrinM, light, -2.0 


Prussian blue, IBB 


miied.20 


Pinssiate of potash, K'5 
Pulp, ground wood, 85 


Process, AdaniiHin'8, 77- 


American wood pnlp, 60 


iong-flbred, 111 


AndreoU's electrolytic bleaching, 


mechanical wood, 113 




mixing colouring matttr wMu ,. 


arseniouB acid, 331 


16S ,^111 


Au,ttediifs, 63 


rag. ^^H 


Barr^ and Blondel's, 6fl 


Pulp saVer, 143 ^^H 


Blitz's, 72 


conical, 144 ^^H 


. CaiboiiBll's esparto, 4B 


strainer, 137 ^^| 


Coupler and Mellier's, 80 


Bertrams' revalviiu, 1B7 


Cr. Wall's electrolytic bleaching, 


Roeckner-a, 140 


94 


Pulp, sulphite, 68, 160 


Diana's, for making pnper with 


wood, American, 60 


two faces by ordinary ma- 


Aral introduced by Mr, C. 


chinary, 182 


Wait, 17 




imilaUon Manilla from. 


Boliinan'e, 70 


239 


FraiKko's bisulphite, G8 


Pump, yacuunt, !49 


Fridet and Matussiete's, 68 




Gainp's, for makiug p.tclimGnt 
paper, 182 


QITERCITRON, 166 ^^m 
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EAG bagging, 11 
boiler, Bertrams', 29 
Donkin's, 30 

cutter, Nuttall's, 24 

cutting-mac iiine, Bertrams', 23 
Donkin's, 26 

engine, 34 

Bentley and Jackson's, 38 
Bertrams', 37 

pulp, 72 
Rags, 11 

Alexandria, 21 

Baltic, 21 

Belgian, 20 

Beyrout, 21 

blue, 19 

boiling, 29 

cotton, 10 

country, 21 

disinfecting, 12 

foreign, 20 

French, 20 

German, 21 

home, 20 

Leghorn, 21 

linen, 10 • 

new, 20 

Russian, 21 

sorting, 19 

treatment of, 19 

Trieste, 21 

Turkey, 21 

woollen, 21 
Rattan cane, 10 
Raw materiaJs, 10 
Recognition of vegetable fibres by the 

microscope, 6 
Recovery of soda, American system, 
218 

from spent liquor, 204 
Red, cherry, 170 

dark, 170 

litmus paper, 183 

ochre, 172 

pale, 171 

Turkey, 170 

Venetian, 166 
Reds, aniline, 166 
Reeds, 10 

Rt'HlIng machine, Bertrams', 197 
Refining or beating, 101 

engine, 159 

Jordan's, 103 

engines, American, Mr. Wyatt 
on, 103 



Regulating box, 136 
Resin, 6, 115 

oil, 178 

size, 118 

soap, 116 
Resinous soaps, 179 
Retree, 85, 164 
Retting, 4 

process of, 129 
Reversing or plate-glazing calender, 

190 
Revolving knife, 161 

cutter, 162 

strainer and knotter, 137 
Rhamnus catharticus, 169 
Ritter and Kellner's process, 71 
Koeckner's boiler, 45 

clarifier, 199 

evaporator, 206 

pulp strainers, 140 
Roll-bar planing machine, 191 
Rolls, couch, 149 

press, 150 

smoothing, 151, 152 
Rope, 20 

bagging, 20 

hard, 20 

tarred, 20 

white, 20 
Round-ribbed fibres, 5 
Royal, 164 
Russian rags, 21 

Ryan^s process for treating waste 
paper, 87 

^AILCLOTH, 11 
^ Salt of tartar, 235 
Sampling alkalies, 227 
Sandarac, gum, 179 
Sand-table, 136 

tables, 149 

trap, 50, 136 
Sap green, 169 
Satin papers, stains for, 172 
Save-all, 143 
Sawdust, 10 
Scarlet lake, 171 
Schweinfurth green, 171 
Scoff em and Tidcombe's process for 

waterproof paper, 174 
i^ea grass, 11 
Seaweeds, 178 
Second press-roll, 160 
Seconds rags, 20 
Seconds, whites, 20 



S 



iiHm 


W^ 


8rlf-«!liDg drv fall rfgnldlor, 18B 


Soda, reoovety of, American tjstfni nf. 


ci™n«ng«™iner,13B 


218 




BolulionB, cauatic. table showinK 


»ening,174 


Btrength of. 241 


hB..ll..eofll,epulp,131 


sulphite of, 110 






Shavings, pa'per, 58 


Sodas, commercial, examinaUon of. 




2i'l 


wood, 10, 55 


Sodium, chloride of, 95. 109 


shoddj, n 


hypochlorite ot, 06 


HIkcDCDonwiinE, 11 




Siker white, 173 


Sorting rags, IS, 22 
Boar bleaching, 81 


!■ inclair-a Mparlo boiler, 42, 43 




Souring, B9 


Single-cjlinder macbide, 153 

S)iigle-EbHteiilUT,le2 


Spaniali annotta, 2S8 


esparto, 47 


web-windinB maehine, 188 


Spent liquors, recovery of soda from, 


l'i«l,ordHlhemp,8 


204 


»i», aninial, preparation ot, ISS 


liqnora. 218 


engine. Frencli method of pre- 


Spiral fibres, 8 


paring, laj 


Spruce, 60 


re>in, 118 


Stable mannre, 11 


Sizes of paper, 164 
Siziog, lis 


Btaining pnifer of nllramarines, 240 
Slains for Mnrocoo papers, 171 


American methoH of, 123 


satin papers, 172 


.and iininliliig, 132 


Standard test-aeid solution, £25 


machine, i2H 


Starch paste, 117 ' 


lub or animal, 123 


Strainer and knotter. Bfrlrams' re- 


Mr. W)fltrareniarluon,127 


volving, 137 


irino soaps in, 121 


self-cleansing, 139 


Skip, 163 


Btiainare, 57, 137 


Sm»ll poet, 164 


Roec knar's pulp, 140 


Smallo blue, 121, 105 


Straw, 16 


Smoothing presses, three-roll. 104 


boiling, Bl 


rolls, let. 192 


bockwheat, 10 


Soap. Castile, 121 


fibres, 4 




wheat, 10 


resin, 116 


Strength ot paper, determination n/ 


i'oaps, zinc, in lizlng;, 121 


240 


Soda, anhydrous, 225 


Strings. 20 


ash. Si. 227 


Strong linona, 20 


calcined. 83 


Btuft-cbestfl, 57, 112, 136 


carbonate, 31 


pump, 136 


caustic, 31 


Sturtevant blower. 60 


table showing the nuan- 


Suction bojtes, 148 


lities of leys ot difterenl 


Sulphate of alnmina, 100 


denailiea, 2J3 


aniline, S 


drr, Dalton's table, showing the 


eopper, 148 




indigu. 232 


rent deneitiea, 241 


iron, 170 


hydrate ot. 225 


lime, ICIO 


hvpoehlorite of, 8 


mogneslR, 46 




line, 98. 119 


lev, caortlc. SI 


Sulphide processes, 77 


i 


Sulphite fibre. 76 

1 b. .iiJH 
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uf gods, 110 

nood pulp. 160 
Sulphur, 72, 2S5 
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